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THE SEWAGE PURIFICATION PLANT at Madison, 
Wis., was abandoned on Jan. 2, 1901, on the advice of the 
city attorney. The council has ordered a suit brought 
against the bondsmen for the contractors to recover the 
$25,000 already paid on account of the contract. The city 
alleges that the plant does not fulfill the contract re- 
quirements as to purity of effluent and cost of operation. 
We are informed by Professor Turneaure that plans for 
new disposal works were adopted in January, 1901. These 
plans include septic tanks and coarse filters, all entirely 
independent of the old plant. The contract for the tanks 
has been awarded for the sum of $7,020 and the tanks are 
now being built. Each of the two tanks will be 30 x 120 ft. 
x 6 to 8 ft. deep, giving a combined capacity of 400,00) 
gallons. The total daily flow of sewage is about 600,000 
gallons, or three times the flow of one of the two tanks. 
The tanks will be covered. The contract for the tanks was 
let in advance of that for the filters, in order to get the 
advantage of the septic treatment by hot weather. The 
untreated sewage, since Jan. 2, has been discharged by 
pumping into a small stream connecting two lakes. The 
present cost of pumping is at the rate of about $2,500 per 
year. The entire cost of operating the old plant was some 
$10,000 a year, leaving the net cost of operating the puri- 
fication works about $7,500 a year. The plant was de- 
scribed in detail in our issue of Dec. 28, 1899. On Jan. 18, 
1900, we discussed editorially the abandonment of the plant 
by the contractors before its acceptance by the city. On 
Oct. 11, 1900, we abstracted at length an able and in- 
teresting report on the operation of the plant by the city, 
the report having been written by Prof. F. E. Turneaure, 
Assoc. Am. Soc. C. E., City Engineer of Madison. 

A DIGEST OF COMPETITIVE PLANS for the re- 
clamation of the Newark meadows has been submitted to 
the Board of Works of the city of Newark, N. J., by Mr. 
Ernest Adam, Engineer of the Street and Sewer Depart- 
ment. There were nine competitors. The three prizes 
were awarded to C. C. Vermeule, Jas. Owen, M. Am. Soc. 
C. E., and Alex. C. Chenowith, respectively. The prize 
plans, and most of the others, proposed dikes, sub-drain- 
age and pumping. Ship canals and the development of 
water front were included in some of the schemes. One 
or two plans propose to reclaim the land by filling, some 
of the material to be excavated from a proposed ship 
canal. It is understood that the city authorities will con- 
sider the advisability of proceeding to drain the meadows 
under some one of these or some other plans. 


THE BROOKLYN BRIDGE TERMINAL question is 
again before the people of New York city. The Chamber 
of Commerce has appointed a committee consisting of 
Morris K. Jessup, Abram S. Hewitt and Charles A. Schieren 
to investigate the matter of overcrowding at the Manhattan 
terminal of the bridge with the object of devising some 
remedy for the intoleratJe conditions which exist at pres- 
ent. The committee has organized and will employ an 
expert engineer to study the problem in its various phases 
and advise with the members in preparing the committee 
report to the Chamber of Commerce. 


TIN-LINED AND LBAD-LINED WROUGHT-IRON 
pipe is now being made by pouring the melted tin or lead 
into the iron pipe. It is said that the result is a union 
of the two metals that is not broken apart even when 
the pipe is bent. Fittings of the same sort are also pre- 
pared. Further information may be obtained from Lamb 
& Ritchie, Cambridgeport, Mass., who have recently begun 
to make the new pipe. 

THE UTILIZATION OF SAWDUST is the purpose of a 
machine recently patented in Canada and noted by U. 8S. 
Consul-General John L. Bittinger, of Montreal, who does 
not give the name of the inventor. The sawdust is dis- 
tilled, and the capacity of the machine is about 2,000 lbs. 
of wet sawdust per hour; with dry sawdust this capacity is 
more than doubled. In addition to the gases generated, 
1,000 Ibs. of sawdust is said to produce the following: 
““Char,’’ 160 lbs.; acids, 180 lbs.; water, 248 lIbs.; tar, 
162 ibs. The gases, of which no record was kept as to 
volume, are claimed to be superior to coal gas for heating 
and illuminating; but they are unpleasantly pungent with- 
out going through a purifier. The inventor is seeking cap- 
ital, $100,000 being required to properly equip the plant. 
In Europe some twenty different establishments make 
oxalic acid out of sawdust; dried yellow and white pine 
are said to contain 94% of oxalic acid, and oak has 83%. 

INDIA RUBBER FORESTS of large extent have been 
discovered, it is announced, on the banks of the Niera, one 
of the tributaries of the Amazon. Several German com- 
panies have organized expeditions for the purpose of ex- 
ploring the district, which is situated about eight days’ 
journey from the great tobacco plantations. 

THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on March 7 at Pittsburg, Pa., on the Pitts- 
burg, McKeesport & Youghiogheny R. R. A misplaced 
switch caused the collision of two locomotives, resulting in 
the death of one man and the injury of two others. 

THE GUARDING OF TROLLEY WIRES has been made 
the subject of some tests carried out by German Post 
Office officials at Bielefeld. Copper-guard wires connected 
to the rail return of the trolley line were stretched above 
the trolley wire at places where it was crossed by other 
wires. A telephone wire on falling over the trolley wire 
first came in contact with the guard wire, which it short 
circuited to the trolley wire, causing the automatic cut- 
out at the station to come into action. This is said to 
have been so effective that the fuse of the telephone circuit 
was not blown. 

A NEW ELECTRIC ARC LAMP is described in the 
“Elektrotechnische Zeitschrift’’ for Feb. 4. The lamp is 
somewhat similar to the Nernst in that the are is drawn 
between electrodes of highly-refractory materials, such 
as are used in the Nernst incandescent lamp. Very high 
temperatures are reached and the lamps are very efficient, 
an economy of 3 to 4 candles per watt being obtained. 
By increasing the current, and consequently the tem- 
perature, an efficiency of 5.21 candles per watt is said 
to have been attained, but at that point the electrodes 
commenced to melt. If the figures now accepted for the 
mechanical equivalent of light are correct this would be 
very near 100% efficiency. 

AN ELECTRICAL PROCESS for manufacturing steel 
has been perfected, according to the claims of a Swedish 
engineer, Herr Kjillin, manager of the Gysinge Iron 
Works. At present he is turning out only about a ton 
of stee] a day, but plans are being prepared for obtaining 
sufficient power from falls in the river Dalelfuen, a short 
distance away, where a large generating station wili be 
constructed, after which the steel manufacture will be 
carried out on a large scale. 

COPPER ORE DEPOSITS are being developed on a large 
scale in the Ducktown District in Tennessee by the Ten- 
nessee Copper Co. New crusher houses 100 ft. high have 
been completed at the Burra Burra and London shafts. 
Each of these contains a crusher, a rotary screen and a 
Robins picker belt and is provided with bins having a 
storage capacity of 500 tons. A standard-gage railroad 7% 
miles long, connecting the various shafts, roast-yards and 
smelters with one another, has been completed. The 
grades have been so arranged that the cost of handling 
the empties will about equal the cost of handling the loads. 
The roast yards will hold 83,000 tons of ore. They have 
been laid out in benches with double tracks between the 
benches. A new smelter has been located near Isabella 
Station on the Atlanta, Knoxville & Northern R. R. It 
consists of a steel building in which are contained two 
water-jacketed blast furnaces, 56 ins. by 180 ins. at the 
tuyeres and 18 ft. from the tuyeres to the charging floor. 
It also contains two converter stands, an electric crane, 
clay mill, elevators, etc. The bins have a capacity of 
2,500 tons of ore and flux and 750 tons of coke. The ma- 
terial will be conveyed to the furnaces in charging cars 
drawn by electric locomotives. The power plant contains 
four 250-HP. boilers, blowing engines, electrical equip- 
ment, ete. It is expected that the plant will be running 
and producing copper by July 1. 


BATTLESHIP CONTRACTS bave been distributed as 
follows by the Secretary of the Navy: To the Newport 
News Co., battleship ‘‘Virginia’’; to Moran Bros., of 
Seattle, battleship ‘‘Nebraska’’; to the Bath Iron Works, 
the battleship ‘“‘Georgia’’; to the Fore River Works, the 
battleship ‘‘New Jersey"’ and ‘“‘Rhode Island."’ The Cramps 
will build the armored cruisers ‘‘Pennsylvania’’ and "Colo 
rado’’; the Newport News Co. will build the ‘“‘West Vir 
ginia’’ and ‘‘Maryland,’’ armored cruisers; the Union Iron 
Works will build the armored cruisers ‘California’ and 
‘Dakota’; the Neafle & Levy Co. build the protected 
cruiser ‘‘Milwaukee,"’ and the Newport News Co. the pro 
tected cruiser ‘‘Charleston.'' New proposals are asked fo: 
building the protected cruiser “St. Louis,’’ bids to be 
opened on April 4. 


— 


THE BBLLEVILLE WATER-TUBE BOILER is to be 
abandoned by the British Navy. The report of the Ad- 
miralty committee, which has been investigating this 
boiler for some time, says: 

The advantages of water-tube boilers for naval pur 
poses are so great, chiefly from a military point of view, 
that, provided a satisfactory type of water-tube boiler 
could be adopted, they would be more suitable for the 
navy than the cylindrical boiler. The committee does no! 
consider that the Belleville boiler has any such advan 
tages as to lead it to recommend it as the best adapted to 
the requirements of the navy. It recommends, as regards 
the ships to be ordered, that the Belleville bollers be no: 
fitted in any case, and that in the ships under construction 
Belleville boilers be not used if work on the boilers is not 
far advanced. Where a change of boilers would delay the 
completion of the ships, Belleville boilers should be re 
tained, and they should also be retained in completed 
vessels, 


THE DEVELOPMENT OF AMBRICAN COMMERCE, 
from the administration of Washington to that of Me 
Kinley, is treated by the Treasury Bureau of Statistics, 
excepting four years, until 1877 imports exceeded exports 
in value; since 1877 the reverse has been the case, with 
the exception of the years 1880 and 1803, when the excess 
of imports was $2,730,277 and $18,735,728, respectively 
In 1789 the imports and exports figured at $23,000,000 and 
$20,205,156; in 1900 the imports were $820,019,337, and th 
exports $1,477,949,666, leaving a balance of $648,080,520 
in favor of our exports. The contrast is the more remark 
able when we note that in the 107 years preceding the 
inauguration of Mr. McKinley the excess of exports over 
imports only aggregated $383,028,497; while in the last 
four years this excess has reached the handsome sum of 
$2, 150,000,000. 


— 


DAY LABOR FOR MUNICIPAL WORK is to be em- 
ployed as a substitute for the contract system in Chicago, 
and the city council has directed the Commissioner of 
Public Works to proceed with the construction of two 
sections of the intercepting sewers by day labor. Ewvent- 
ually, a bureau of construction will probably de estab- 
lished as one of the branches of the municipal adminis- 
tration. 


— 


A TURBINE-DRIVEN MERCHANT STEAMER, on the 
patents of Hon. C. A. Parsons,is being built at Dumbarton 
by Messrs. W. Denny & Bros. It is intended for the Fair- 
lie-~-Campbeltown service and was to be completed by July 
1. As described by Mr. Parsons in a paper lately read 
before the Institution of Engineers and Shipbulders of 
Scotland, this vessel is 250 ft. long, 30 ft. beam and 10 ft. 
6 ins. molded depth to main deck, and 17 ft. 9 ins. to 
promenade deck. She is somewhat similar to the usual 
river pleasure steamer in general design. The machinery 
consists of three separate turbines driving three screw 
shafts, with the high-pressure turbine on the center shaft 
and the two low-pressure turbines on the outer shafts 
Inside the exhaust ends of the latter are placed two tur- 
bines for moving astern; they operate by reversing the 
motion of the two low-pressure motors and outside shafts 
In going ahead, steam from the boilers is admitted to the 
high-pressure turbine, and after expanding five-fold, it 
passes to the low-pressure turbines and in them Is again 
expanded 25-fold; it then passes to the condensers, after a 
total expansion ratio of 125-fold, as compared with 8 to 
16-fold in the usual triple-expansion reciprocating engine 
At 20-knot speed the center shaft revolves 700 times and 
the outer shafts 1,000 times per minute. In making a 
landing or reversing the outer shafts alone are used, the 
high-pressure shaft revolving idly meanwhile, steam being 
shut off. The compound main air pumps are worked by 
worm gearing from the main engines in the usual way, as 
are the small auxiliary air pumps. There is a feed heater 
fed from the exhaust steam of the auxiliaries, or from an 
intermediate point in the expansion of the main turbines. 
The usual double-ended Scotch boiler is employed. No 
speed is stated, but the speed is expected to exceed that of 
any similar boat on the Clyde. 


WIRELESS TELEGRAPHY over a distance of 209 miles 
has been accomplished, according to an announcement 
made to the Liverpoo] Chamber of Commerce by Dr. J. P 
Fleming. He stated that Mr. Marconi had recently suc- 


ceeded in establishing communication between St. Cath- 
erine’s Point, in the Isle of Wight, and the Lizard, whith 
places are the above-named distance apart. 


| 
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SOME RECENT NOTABLE TRAIN WRECKS. 


I. WRECKS OF STEEL CARS.—One of the 
most common questions raised concerning the 
steel car when first introduced was how it would 
behave in a wreck. Prophesies were freely made 
that it would not only suffer seriously, but that 
it would be practically impossible for railway 
companies to repair in their own shops any dam- 
age of considerable amount, and it would, there- 
fore, be necessary to scrap any seriously dam- 
aged car, unless it were possible to return it to 
the shops of the builders. 

Practical experience with steel cars has now 
proved that both these ideas were mistaken. The 
steel car in a wreck has proved itself so much 
stronger than wooden cars that the latter are the 
ones to suffer damage, while the steel car comes 


so securely that it was hauled to the shop in that 
position, the “under dog in the fight’’ being not 
even derailed. A somewhat similar accident oc- 
curred on the main line of the Pennsylvania R. R., 
near Coatesville, Pa., on March 6. According to 
the “Philadelphia Press,’’ a fast passenger train 
ran into the rear of a freight train and the loco- 
motive landed on top of the coal with which the 
rear car was loaded, and with so little injury that 
the car, with its unusual load, was hauled to 
Coatesville, two miles distant. 

Ill. LOSING A CAR EN ROUTE.—In a maga- 
zine story some years ago, the imaginative author 
has a car loaded with silver leap the track and 
disappear down the bank unnoticed by the train- 
men. A true story of a parallel occurrence on a 
railway recently built from Monongahela City to 


DERAILMENT OF TRAIN OF 100,000-LB. PRESSED STEEL ORE CARS ON PITTSBURG, YOUNGS- 
TOWN & ASHTABULA R. R., JUNE, 1900. 


off comparatively unharmed. A good example 
of this is a recent freight collision on the Balti- 
more & Ohio, where a train was made up of sev- 
eral pressed steel cars, between which were sev- 
eral wooden box cars. The force of the collision 
was such as to badly crush the wooden cars, while 
the steel cars were uninjured. 

It may be asked, however, whether the steel car 
will not suffer more when made up in solid trains 
with no wooden cars to take the shock of the col- 
lision. Certainly, it would be reasonable to sup- 
pose that smashing would have to be done some- 
where to absorb the shock. That these cars stand 
up remarkably, however, even under such cir- 
cumstances is shown by the accompanying cut, 
reproduced from a photograph of a train wreck 
which occurred last June on the Pittsburg, 
Youngstown & Ashtabula R. R. (one of the Penn- 
sylvania lines), near Austinburg, Ohio. A train 
of 100,000-lb. pressed steel cars, made by the 
Pressed Steel Car Co. and loaded with iron ore, 
was derailed at a switch and came to a stop in 
the shape shown in the cut. The tracks were bad- 
ly torn up and the car trucks suffered some dam- 
age, but the car bodies were practically uninjured, 
as the photograph shows. 

When repairs to steel cars become necessary, 
moreover, experience has developed that the re- 
pairs can be made in almost any railroad shop 
equipped with the usual tools for boiler and tank 
work and repairs to steel trucks. Thus most rail- 
ways using steel cars do their own repair work. 
Had this not been the case it would have been a 
very serious handicap to the introduction of steel 
cars. 


Il. A LOCOMOTIVE LOADED FOR THE 
SHOP.—Readers of Engineering News may recall 
a collision which took place on the Old Colony R. 
R. Jan. 31, 1898, in which two locomotives col- 
lided head on, and one landed on top of the othe: 


the Ellsworth coal fields is reported in the ‘‘Mo- 
nongahela (Pa.) Republican,“ and we quote from 
it as follows: 

On Wednesday morning Conductor Bentley’s train and 
crew had as unique an experience as probably ever fell 
to the lot of railroad men. The train which leaves Bent- 
leyville at noon was a mixed train of passenger and freight 
cars. Immediately behind the engine were 16 loaded coal 
cars of the Ellsworth Coal Co., following them was a 
steam shovel car, truck and shovel, belonging to D. F. 
Keenan, contractor for the road, which was being shipped 
to new work at Latrobe. Following this was a freight car 
and passenger coach. While the train was speeding around 
a curve the steam shovel car jumped the track and tum- 
bled over the embankment, out of sight, breaking from 
the freight cars ahead and behind it almost imperceptibly. 
The gap caused by the disappearance of the shovel car was 
soon closed by the momentum of the train and the auto- 
matic couplers hitched together and the train proceeded. 
The strange part about it all was that the accident oc- 
curred entirely without the knowledge of any of the crew 
or passengers, and the train drew into Monongahela, some 
miles distant, where Conductor Bentley was first told of 
the happening by Telegrapher Ragan, who flagged the 
train and read the report of the accident, which been 
telegraphed by a track walker up the road. 


A NEW METHOD OF BURNING POWDERED FUEL. 


Many attempts have been made to secure su- 
perior boiler economy and smokeless combustion 
by the use of powdered fuel. It is well known 
that in the ordinary hand-fired boiler furnace 
much more air is admitted than is needed for 
burning the fuel. This surplus air, leaving the 
boiler at a relatively high temperature, serves 
only to carry away heat and thus reduce the effi- 
ciency of the plant. If air and fuel could be ad- 
mitted in the exact proportions necessary for 
complete combustion, thoroughly intermixed and 
burned before reaching the cold surfaces of the 
boiler, this loss would be avoided. This has been 
the principal end sought by the inventors of pow- 
dered fuel burning devices. 

The economy to be gained in this way would be 
greatest in comparison with ordinary methods in 
the case of a boiler with a fluctuating load and 
poor attendance. If the air supply is cut off from 


a thick bed of fuel on a grate the com), 
thereafter is incomplete and carbon monox! 
be found in the flue gases. On the Othe: , 
if it is attempted to force a light fire wit)... 
draft, much surplus air will be admitted. 
ing powdered fuel the combustible ana ; air 
can at all times be properly proportioned ; " 
other and to the load, and, furthermore, :: 
may be automatically controlled by th. 
pressure. 

The first extensive experiments in burni:,, 
dered coal were made by Crampton in & 
in the years 1868 to 1873. He expended . 
sum of money and burned about 2,000 tons o: 4 
in testing his apparatus. His plan was to } w 
the powdered fuel into the furnace by a ; , 
draft. The furnace was lined with fire! 
which, when once heated, served to igni: 
incoming fuel. 

About five years ago a system invented by ©1, 
Carl Wegener, a German engineer, was introd)> | 
quite extensively in Europe, and was tried {) «hj. 
country. He dispensed with blowers and ed 
only the natural draft of the chimney to carr. je 
finely-powdered coal into the furnace. 
tests of his apparatus by eminent European «¢).; 
neers showed boiler efficiencies of 70 to 8) A 
quite complete description and discussion of :)).. 
Wegener system may be found in Engine ring 
News for Sept. 16, 1897. 

The system which we are about to describ. |< 
the invention of the late William Westlake, 5 
tice of whose death appeared in our issue of Jan 
30. Mr. Westlake will be remembered by man, 
railroad men as a pioneer inventor in the field «¢ 
ear lighting with oil lamps, and the founder of th. 
Adams & Westlake Co., of Chicago. The burning 
of powdered fuel was a subject to which he d.- 
voted the last years of his life, and a large par: 


_ of his work upon it was done after he had becam 


a bed-ridden invalid. 

The work of putting Mr. Westlake’s invention 
into practical form and application has been don: 
by the engineering firm of Faber du Faur & [on- 
nelly, 182 Nassau St., New York city. Under di- 
rection of Mr. Donnelly a furnace has been in 
stalled at the works of Hubbard & Carpenter. ‘); 
Pearl St., Brooklyn, N. Y. 

The method of operation adopted in this furnace 
differs from that of previous dust-burning devic:s 
in that a grate is provided upon which a small tir. 
of ordinary coal is maintained. This grate is 
shown at G in Fig. 1. The pulverized fuel is con- 
tained in the hopper H, from which it is forced ou! 
through small holes in the bottom by a tooth! 
roller R. The latter is provided with the ratchet 
wheel W, receiving motion from an oscillating 
arm, driven through N, by the rocking link L 
which is constantly driven by the small steam en- 
gine E. When the roller at the upper end 
of N is at the axis of L it receives no motion, but 
as soon as it is shifted to the left by the action 
of the lever M, it is given a vertical movemer'. 
the amplitude of which depends upon the amoulit 
by which the roller is shifted. The lever M is 
controlled by an automatic regulator which wi!! 
be described below. The dust falls in a_ thin 
stream down in front of the door D, and is car- 
ried under it and into the furnace by the dralt 
The door D may be raised or lowered any desir! 
amount by means of the hand-wheel, to be seen a'. 
the right of the furnace in Fig. 2. 

A moderate fire is maintained upon the grate G. 
where from a third to one-half of the total fur! 
used is burned. This portion of the fuel may be «' 
any kind suitable for use upon a grate. It is sup 
plied by hand firing at intervals of two or three 
hours, the door D being raised to permit this. Th. 
remainder of the fuel needed to maintain the 
steam pressure is supplied from the hopper, Thi- 
supply is automatically controlled in the follow- 
ing manner: 

A vertical cylinder is provided in which a coun 
ter-weighted piston is acted upon by the steam 
pressure. When the latter is below the norma! 
the piston is drawn up into the cylinder by the 
counterweight, which by means of cords and pul- 
leys at the same time opens a damper in the 
smoke flue, and by means of the arm M sets th: 
dust-feeding mechanism in operation. As soon as 
the steam pressure rises, the fuel and air are 
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cain eut off. The regulation may be made very 
sensitive. 

The plant above referred to was recently in- 
_nected by a representative of this journal. A\l- 
hough the boiler was supplying steam to an en- 
‘ne driving a machine shop in which heavy ma- 
»ine tools were constantly being thrown on and 
+. there was hardly any appreciable variation 
¢ the steam pressure. There was, also, a complete 
»sence of smoke, although the powdered fuel 
-ed was prepared from soft coal. The plant at 
he time was receiving no attention from the fire- 
meta have recently been for the first 
‘ime successfully carried out in burning dust made 
‘rom hard coal. The chief difficulty heretofore 
oet in burning hard coal arose from the fact that 
‘t was not thoroughly enough pulverized. 

The obvious disadvantages of any system using 
dust fuel are the expense of reducing the coal to 
.owder and the complication of the required ap- 
»aratus. The former is claimed to be not greater 
nan 25 ets. per ton, and to be more than offset 
by the possibility of using low-priced slack. As 


hard-coal yard screenings containing 2.39% moisture, 
4.86% volatile matter, 82.15% fixed carbon and 10.6% ash 
The soft coal used in the form of dust contained 1.16% 
moisture, 29.83% volatile matter, 54.03% fixed carbon and 
14.98% ash. Each test lasted about ten hours. 


First Second Third 
day. day. 


Temp. of feed water............ 62° F. 62° 62 
57: 3! 483 
Total Ibs. combustible........... 801.5 867.39 987.85 
Water evaporated ............ 8, 8,050 350 
Lbs. water per Ib. coal.......... 8.40 7.96 6.37 
Lbs. water per Ib. coal combus- Bes: 
tible from and at 212° F...... 11.98 11.04 8.85 


LIGHT LATHES AND SCREW MACHINES.* 
By John Ashford, A. M. I. M. E. 


Many changes have taken place during the last few years 
in che methods of machining in our various engineering 
establishments and manufactories, changes which are nec- 
essary in the march of progress, and which we must and 
do recognize as essential, in order that we, as a country, 
may maintain our position in the manufacturing world 
These changes in machining methods usually accompany 
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SECTIONAL AND FRONT ELEVATIONS OF BOILER FURNACE FOR BURNING POWDERED FUEL. 
Wm. Westlake, Inventor; Faber du Faur & Donnelly, New York, Engineers. 


for the second point, it is stated that the apjara- 
tus above described is cheaper than most mechan- 
ical stokers. The relative advantages or disad- 
vantages of the system as a whole as compared 
with ordinary methods of operating a furnace only 
extensive experience can determine. 

Messrs. Faber du Faur & Donnelly have made 
a series of tests upon this plant, which are ab- 
stracted below, together with their comments up- 
on the same: 


These tests were not made to show the highest efficiency 
which could be obtained with the apparatus and are not to 
be criticised from that point of view. They were made 
with the idea of determining what could be expected from 
the apparatus when working under regular and ordinary 
conditions, and while the total amount of work done does 
not vary much from the rating of the boiler there were 
times when it was much above and below. 

The first day some attention was paid to burning as 
large a quantity of dust as the load would warrant and to 
burn only as much coal on the grate as was necessary. 
The second day the practice was reversed and the effect 
upon the economy is apparent. On the third day the at- 
tendance and attention was reduced to a minimum and 
the conditions made as adverse as it was considered would 
be met in ordinary bad practice, and the falling off in the 
result is such as may be expected from neglect and ad- 
verse conditions. 

These tests were made Oct. 10 to 12, 1900, upon a Beggs 
return tubular boiler rated by the builders at 35 HP. It 
had 372 sq. ft. of heating surface, which at 15 sq. ft. per 
HP. would give 24.8 HP. It was 40 ins. in diameter by 9 
ft. long, with a drop leg at the rear. The grate fur- 
nished with the boiler had an area of 15 sq. ft.; this was 
cut down to 9.44 sq. ft. when the dust-feeding apparatus 
was installed. The coal used on the grate consisted of 


modifications in the schemes of works’ management, the 
object being to systematize the output of the work, so 
that prime costs may be reduced to the lowest point, 
while the quality of the productions, as regards both ac- 
curacy of size and fineness of finish, may be all that can 
be desired. In order that these new schemes of organiza- 
tion may be satisfactorily worked and all requirements of 
the new order of things fulfilled, there has been a demand 
for machine tools which in themselves shall fit into the 
scheme, be more handy for their work, be capable of pro- 
ducing numbers of an article exactly alike, be aufomatic 
where possible in their action, and shall require little 
skilled attention. That the changes in themselves are 
great may be realized when we consider to what an extent 
milling processes have supplanted shaping and slofting, 
and, more especially, hand-finishing; how grinding is 
now used for finishing work that has previously been 
turned; and, that at present automatic machines are be- 
ing introduced for producing machine parts in quantities 
which hitherto had to be made by skilled men at a much 
higher cosf. 

In what manner these methods originated it is difficult 
to say; but, in all probability, they were first introduced 
in the manufacture of watches and clocks in large num- 
bers; then in the production of small arms, sewing ma- 
chines, typewriters, and the like; and later in the con- 
struction of bicycles. Engineers have now without doubt 
recognized the fact that similar methods may be employed 
in the manufacture of larger machines, locomotives, and 
even bridges and ships. These changes have not been 
suddenly brought about, although to some it may appear 
so; but they are the result of steady progress. To thpse 
who have not kept abreast of the progressive movements, 
the changes may have been forced upon their notice with 
unpleasant suddenness by the experience of foreign com- 


*Abstracted from a paper read before the Instituti f 
Mechanical Engineers of Great Britain, Feb. 15, 1901. “3 


petition. Probably there are establishments with which 
some of our members are connected, where it is realized 
that alterations in the producing-plant must be made; yet 


there is hesitation in making the heavy outlay necessary 
before they have thoroughly considered the matter and are 
satisfied as to the results likely to accrue 

That the matter is serious is evident from the fact that 
in certain manufactories whole shops have been cleared 


of their machines and a completely new and up-to-dat 
plant installed. This paper has, therefore, been prepared 
in order to create an opportunity for the discussion of the 
details of machine tools upon which much thought has 
been bestowed. It is intended that the term “‘light lathe,"’ 
as applied in this paper, shall indicate lathes such as en 
gineers use, the centers being about 10 ins. The ordinary 
lathe with which we were satisfied ten years ago does not 
fulfill the requirements of the present day. There is no 
disputing the fact that it was a good serviceable tool, but 
the necessities of these times demand a machine which 
may be more smartly worked; be more handy, and cause 
less loss of time. What then are the requirements of a 
present-day lathe for tool and ordinary work, and how 
may these be fulfilled? 

Let it be granted as a first principle thaf the machine 
should be stiffly constructed, and so lined-up and fitted 
that initially it may do satisfactory work; then: 


(a) Its wearing parts should be made of such material 
and so shaped, proportioned and protected, that its wear 
may be reduced to a minimum, and the accuracy of the 
machine be maintained, and that such wear as takes place 
may be compensated by adjustments 

(b) The various changes of speed, of traverse, of tool 
position, of tail-stock position, etc., should be effected by 
handle-movements which should be practically instantane- 
ous in action and within easy reach of the operator. The 
use of a spanner for either of these purposes is undesir- 
able. 


(c) A reasonable change of speed should be possible 
without the handling of belts. 

(d) All ordinary speeds of traverse should be obtainable 
without the removal and changing of spur-wheels or belts. 

(e) When screw-cutting or chasing from the lead-screw, 
one movement should suffice to release the screw and 
withdraw fhe tool from the work. 


(ft) When taper-turning, it should not be necessary to 
disturb the alinement of the tail-stock, or the set of 
the rest. 


(g) Feed stops should be introduced, and also means of 
reversing the feed-traverse. 

(h) It should not be possible for any twe speeds of 
traverse to be in action at one time. 


It is difficult to exactly specify the requirements of a 
turret lathe, as so much depends upon the nafure of the 
work to be machined. It may, however, be conceded, 
that many of the requirements set forth in paragraphs 
(a) to (h), apply with equal force to turret lathes, and 
in addifion the following: 


(i) When working from the bar, a self-centering chuck 
must be fitted that shall have sufficient power and range 
of action to securely grip the bar when subjected to ifs 
heaviest cut and allow for ordinary variations in the di- 
ameter of rough stock whilst taking its grip without mov- 
ing the stock longifudinally. 


(j) There should be a suitable means of feeding forward 
the stock when required, without undue loss of time, and 
it should come into action immediately the chuck Is re- 
‘eased. 

(k) The design of the revolving tool holder or turret 
should be such as would allow the greatest range of 
action; hold a sufficient number of tools for all ordinary 
work; support the tool without spring with the heaviest 
cuts; bring the tools into action accurately located; sim- 
plify the construction and setting of tools and their hold- 
ers; and revolve and locate itself automatically. 

(1) Independent stops should be provided for each tool, 
and, when the turret traverse is actuated by power, the 
stops should throw out the power mechanism. 

(m) The means of traversing the turret should be such 
as to allow of quick movements while changing the tool 
positions, and steady motions while cutting. 


(n) A closs slide is usually desirable to carry forming, 
cutting-off, and chasing tools, and its position should be 
easily and accurately adjusted. 

(o) In many cases, especially for brass work, efficient 
means of chasing should be introduced, and if, for this 
purpose, a leader screw is used, excessive wear of the 
screw should be guarded against. 


Full automatic screw machines, suitable for automatic 
turning in addition to screw-making, may be considered 
to be modified turret lathes, with mechanism added to 
automatically regulate the various movements. The re 
quirements of the turret lathe thus apply also largely to 
this class of machine, and in addition the following: 


(p) The headstock should retain some of the features as 
in the turret lathe, with modifications adapting if to auto- 
matic working. The speed of spindle rotation should be 
variable to a limited extenf; but the introduction of self- 
opening dies has rendered it unnecessary to provide any 
reversing mechanism. 

(q) A cam-shaft must be introduced to regulate the 
movements of the various parts, and, as the speeds of the 
movements are required to vary, the cam-shaft speed 
should be changeable, this speed variation being quite in- 
dependent of the spindle speed. 


(r) It is a debatable question as to whether the turret 
carrying the tools should have a constant or a variable 
distance of forw rd traverse. The settlement of this point 
greatly affects the design of the machine, and, in the 
author’s opinion, the correct answer to thy question is, 
that unless th« scope of the machine is to be very much 
restricted, the forward traverse should be variable. 


(s) The mechanism controlling the tool movements 
should provide for a rapid withdrawal of the tool an 
change of position, so that idle time may be reduced to 
minimum. 


The question now is: How may the requirements of the 
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foregoing paragraphs best be fulfilled; and, to what extent 
do they affect the construction of the machines? 

Respecting paragraph (a), the wearing parts which affect 
the accuracy of the machine are: The journals and bear- 
ings of the spindle; the various slides and slide surfaces; 
the screws and their nuts. 

That a wearing surface may act satisfactorily, it is rec- 
ognized that the following conditions should be fulfilled: 

1. That any pressure brought to bear upon it should be 
evenly distributed. 


Fig.4. Fig. 5. 
Figs. 1 to 5.—Different Forms of Spindle Bearings. 


2. That it should be protected from dirt of every de- 
scription. 

3. That it should be efficiently lubricated. 

4. That the surface itself should be sufficiently large. 

5. And, finally, its formation should not admit of any 
pressure brought to bear upon it being mechanically in- 
creased to any serious extent. 


LIGHT LATHES. 

THE SPINDLE.—It is a point for debate as to whether 
the spindle should be hard or soft. In the opinion of the 
author, it is of much more importance that the bearing 
surface should be large, and that the journals be made 
truly cylindrical. 

THE BEARINGS.—As materials, each of the following 
are found to have been used: Hard steel, cast iron, phos- 


Fig. 6. 
Figs. 6 and 7.—Thrust Bearings. 


Fig. 7. 


phor-bronze aid brass or cast iron lined with white metal. 
When the bearings “are small, no doubt hard steel is de- 
sirable, but if they are of ample proportions, it becomes 
unnecessary. Too soft a metal, on the other hand, is not 
satisfacfory, as it does not last well enough. Both phos- 
phor-hronze and cast iron mav be considered suitable; 
that is, if the bearings are well bedded and of sufficient 
diameter and length to satisfy condition (4) respecting 
wearing surfaces. 

Several different forms of spindle bearings are shown in 
Figs. 1 to 5. The conical construction, as in Figs. 1 and 
2, has the rather serious objection of failing to comply 
with condition (5) in regard to wearing surfaces, for, 
should the thrust-bearing be improperly adjusted, the 
cone will be forced more deeply ino its bearing, thus 
increasing the pressure on the surface, thereby creating 
excessive friction. The cone-bearing, in fact, does not 
lend itself to either of the conditions (4) or (5), as, with a 
reasonable taper, the bearing is short; but if, on the other 
hand, the length is increneed, there is a finer taper which 
still further violates c>naition (5). 


The author prefers the design shown in Fig. 3, where the 
bearing surfaces are parallel and the exterior of the 
bearings are coned. The bearing is split in one place 
and eased in two others, thus making a springy bush 
which, when adjusted longitudinally, will close upon the 
journal. This retains the advantage of the cone adjust- 
ment with a parallel bearing. In this same bearing, con- 
ditions (2) and (3) are well satisfied, there being a felt 
oiling-pad introduced into the split of the bush and dust- 
caps over the ends of the bearings. Halved bearings are 
very largely used, and ball-bearings, as in Figs. 4 and 5, 
have been tried. 

THRUSTS.—With the cone bearing, an adjustable end 


thrust, such as in Figs. 6 and 7, is necessary; but, when 
parallel bearings are used, a non-adjustable ball thrust is 
satisfactory, and it may be placed inside the poppets, thus 
adding to the compactness of the headstock. A ball end 
thrust may be seep in Fig. 3. 

ADJUSTING OR GIB STRIPS.—Several different ar- 
rangements of these strips are illustrated in Figs. 8, 9, 
10 and 11. Those in Figs. 10 and 11 should undoubtedly 
be used where possible, and the strip should have suf- 
ficient metal in it that only two adjusting screws may be 
necessary. It cannot be considered good practice to use 
thin strips with three or more grubscrews for adjustment. 

SLIDE SURFACES.—That slide surfaces may wear well, 
the conditions as to wearing surfaces should be met as 
fully as possible. When the force applied for the pur- 
pose of traversing a slide is not central with the resist- 
ance, a couple results with a tendency to twist the slide. 
A very small angle of twist causes condition (1) to be 
violated, consequently, unless the strips are so adjusted 
that there is no slack, the conditions cannot be satis- 
factorily complied with. This logically leads to the fol- 
lowing conclusions:—(1) either the screw or other means 
of traversing the slides must be in line with the resist- 
ance, or (2) where that is impossible, as it usually is, and 
as an ordinary machine operator cannot be depended upon 
to keep the strips correctly adjusted, the adjustments must 
be automatic; or (3) the guide surfaces in contact should 
be very long. From these points of view it is evident 
that the nearer a traverse screw is to the center of the 
slide ways, the better. The usual practice with the slide 
rest conforms to this, but not so with the saddle, although 
some firms put the lead screw in the interior of the lathe 
bed. 

Now, as regards the shape of the slide ways of the bed, 
how do the above conclusions affect their form? As it is 
impossible to apply the traversing force to the saddle in 
line with the resistance, and, as it is not desirable to 
make the guide surfaces so long as would be required by 
the third conclusion, the second skculd be considered 
more closely. That the saddle may have no tendency to 
twist under the action of the traversing force, this con- 
clusion requires that the guide surfaces shall automatically 
adjust themselves to each other. On inspecting, then, the 
various bed-sections illustrated in Figs. 12 to 20 to see if 
either is of a form that will provide this automatic ad- 
justment, it will be found that those having raised V's un- 
doubtedly do so, for gravity aids as a closing force, keep- 
ing the surfaces in contact. 

Considering the remaining conditions (2), (3), (4) and 
(5), as affecting bed sections, condition (2) sequires pro- 
tection from dirt. A shape which affords the least fa- 
cility for catching dirt, or, more especially, metal par- 
ticles which would work in between the rubbing sur- 
faces causing rapid wear, is one having a sloping surface, 
such as those in Figs. 13, 14 and 16. The possibility of 
satisfying condition (3) follows on a fulfillment of (4), 
provided that there are ample means for the continuous 
application of oil, which is rarely the case. 

English lathe builders pride themselves upon the ample 
surface supporting the saddle as obtained by the shape 
in Fig. 12, which is lost by the use of raised V’s. No 
doubt such a form has the very decided advantage of 
giving direct support to the saddle and reducing spring to 
a minimum. The great disadvantage of the raised V form, 
as in Figs. 13 and 16, is the lack of support for the 
saddle immediately under the tool rest. The saddle fits 
upon the two outer V’s, and thus has a long span, so 
tending to make it weak in the back and lacking in stiff- 
ness. If, however, the inner V's are placed at a lower 
level, it allows of an increased thickness in the saddle, 
which tends to minimize this disadvantage. Moreover, if 
the cross slide-way is raised upon the saddle, instead of 


Fig.8. Fig.9. 


Fig.10. Fig. 
Figs. 8 to 11.—Adjusting or Gib-S‘rips. 


sunk into it, the slide which fits upon it may be of greater 
length, thus giving a better distribution of the pressure 
from the tool when cutting, so adding to the stiffness. 
Such an arrangement has the further advantage of pro- 
tecting the cross slide-way from metal cuttings. Ample 
support for the saddle is desirable, but broad slide sur- 
faces on the bed are not unmixed blessings, for they 
easily catch the metal cuttings which work under the 


saddle and form the chief factor in the wear 

parts. All things being considered, the author igs 5 
ion that the requirements of paragraph (a) ar: 
nearly met by a bed plate with raised V's, th, 
pair being set lower than has hitherto been the pra 

RELEASE-NUT CLUTCH.—Theaccuracy of them 
for screw-cutting will be affected by the constru: 
the clutch which operates the release nut. There 
be no possibility of side flexure. Figs. 21, 22 and 2 
three ways of constructing this clutch. 

With regard to paragraph (b), it Is one of th« 
tials in modern factories that a cutting tool shal! ) ' 
to work at as high a speed and with as heavy a 
can mutually be worked together, which usually 


Figs. 12 to 20.—Lathe-bed Sections. 


frequent changes of speed to suit different diameters a: | 
variations in cut. The average workman is not, as 
rule, particularly keen to get the utmost from his m. 
chine, and, the greater the trouble to change the spec! 
the less often he will do it. It therefore follows tha: 
the more easily and quickly a change may be effecte! 
the more likely is the machine to approach its maximu: 
output. This points to the wisdom of making a machin 
handy, as per the requirements of paragraph (b). How 
then may these quick variations of speed referred to b. 
obtained? Firstly, in the drive from the main to th: 
countershaft, by using several sets of pulleys or differing 
diameters, or by friction cone-drives, or expanding pu! 
leys; secondly, with ordinary stepped-cones in the driy: 
to the lathe; and thirdly, with back gearing. 

Friction cone drives have been put forward more of late 
Messrs. Ward are making a facing lathe which has 


a 


Fig. 21.” Fig.22. 


Fig. 23. 
Figs. 21 to 23.—Release-nut Clutches. 


chain connection from the cross-traverse screw to th: 
striking fork, so that as the screw is rotated to travers: 
the slide rest, a motion is transmitted to the striking fork 
by the chain. The relative motions are so arranged, tha! 
when the cutting tool is advanced towards the lath: 
center, the striking fork is moved to give a greater speed 
to the lathe spindle, thus maintaining a constant cutting 
speed. = 

BACK-GEARING, as originally fitted, was rather 
troublesome to put into and out of gear, necessitating 
the stoppage of the machine and the use of the spanner. 
The introduction of friction back gearing is an improve- 
ment which greatly facilitates the change of speed, and 
is, undoubtedly, a valuable feature in the modern ma- 
chine, which might with advantage be more generally in- 
troduced. A headstock with friction back gear is illus- 
trated in Fig. 24. With a headstock of this description 
practically an instantaneous change over of the back 
gearing may be made, and for this purpose friction 
clutches are introduced into the interior of the belt cone 
and the large gear on the spindle. These friction clutches 
are of the expanding brake-strap type, the expansion 
movement being produced by a simple form of toggle 
joint, A, Fig. 24. 

CHANGES OF TRAVERSE¥+-A further requirement of 
paragraph (b) namely, that the changes of traverse should 
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» effected by a handle movement practically instanta- 
ous in action, is most important, both for ordinary turn- 
« and for screw-cutting. 


another requirement of paragraph (b) is that the tool 


sition should be readily changeable, therefore the ques- 
1n we have next to consider is, what movements of 
e tool are necessary, and how may they be obtained? 
That the cutting tool may be brought to an exact posi- 
o, three directions of motion are essential. 

Firstly, in a horizontal plane in the direction of the 
the axis. 


48T-12P  58T-8P 


As regards the apron saddle, the vertical front plate or 
apron has gearing within it for obtaining the various 
motions in an easy manner. For instance, there is gear- 
ing between the hand wheel and the rack and pinion which 
gives enough mechanical advantage to enable the operator 
to give an easy and steady hand traverse to the saddle 
with fine adjustments, thus rendering unnecessary the 
compound slide rest. 

“The abolition of the compound rest necessitates other 
modifications in the machine, such as cutting away the 
saddle to clear both the fast and loose headstocks that 


2 


~4 


FIG. 24.—8-IN. HEADSTOCK WITH FRICTION BACK-GEAR. 


Secondly, in a horizontal plane at right angles to the 
lathe axis. 

Thirdly, in a vertical direction. 

As a rule, provision is made for ready adjustment in 
the first two directions by such means as the compound 
slide rest; but for the third adjustment, we are rather too 
familiar with the use of metal-packing strips varying in 
thickness. What is wanted is a quick vertical adjustment 
obtainable without loose pieces of any description, for 


Fig. 25.—Cross-Slide Apron. 


which purpose several firms use elevating cross slide ways, 
but in most of these arrangements stiffness and rigidity 
are sacrificed. 

A further consideration of the movements of the tool in 
the horizontal plane, both parallel to and across the line 
of axis of the lathe, opens up a number of points for dis- 
cussion, such is the relative merits of the ordinary Eng- 
lish saddle with its compound slide rest, and of the apron 


Fig. 26.—Turret-Saddle Apron. 


saddle, now being so largely fitted both in America and 
here. 

As regards the English saddle, the longitudinal hand 
traverse is effected by a rack-and-pinion motion without 
intermediate gear, and movement so obtained is very 
jerky and unsuitable for feeding the tool in its cut. Con- 
sequently, it is only used for shifting the saddle position 
when the tool is not in action, and the compond slide- 
rest is used for hand feed or for fine adustment of the tool. 


the tool may get home to the centers. Further, as the 
fiddle slide of the compound rest is not available to set 
to an angle for turning tapers, other means must be pro- 
vided if such work is to be done. 

The apron type of saddle has been modified to specially 
suit the turret saddle and cross slide of the larger types 
of turret lathes, where automatic traverse is essential. 
Good examples of such aprons may be seen in Figs. 25 
and 26. 

On many machines, the loose headstock is constructed 
in two parts and provision is made to set over the top 
portion to throw the center out of line and so obtain the 
taper required. In the author’s opinion such a method 
as this is bad, as, in a machine where accuracy is essen- 
tial, such accuracy being dependent upon the setting of 
centers and slides, disturbance should not be permitted 
when it has once been tested and proved accurate. The 
only remaining methods of obtaining the taper are, then, 
either to provide a means of compounding the longitudinal 
and cross traverses by gearing in any desired ratio, or to 
use an adjustable former. The first of these two methods 
is used in a few designs, but it is too complicated, so the 
latter seems to be the better solution of this problem. 

As to the final requirement of (b); of the methods of 
fixing illustrated in Figs. 27 and 28, the former, although 
most largely used,requires the objectionable loose spanner, 
whereas the latter, operated by a handle and eccentric 
movement, may be considered more satisfactory. 

Figs. 29, 30 and 31 show three methods of locking the 
center slide, and of these the last tends, when locking, 
to keep the slide in position, whereas the others are likely 
to spring it out of place. 

Regarding paragraph (e); several devices have been in- 
troduced for obtaining the double action with one motion. 
Two of these are illustrated in Figs. 32 and 33. 


TURRET LATHES. 


In the earlier days of engineering, large quantities of 
similafly turned articles were not,as now, required; there- 
fore the type of machine evolved at that time was one 
that could be used for a variety of work, and the chief 
object sought was general adaptability. 

When the need arose for the production of many similar 
articles at low cost, manufacturers, adapting the machine 
to their requirements, fitted stops to the slides so that un- 
skilled labor might successfully do the work of turning; 
but to produce a complete article this often meant a num- 
ber of chuckings. This system of working may still be 
found in some factories. 

As a further improvement on such a method, the turret 
form of tool holder was introduced, and that developed 
into the type of turret lathe with which we are now 
familiar. It will thus be seen that the modern turret lathe 
is purely a development of the turning lathe brought about 
by the necessities of modern manufacturing. The re- 
quirements of this type of lathe have already been set 
forth in paragraphs (i) to (0) and will now be further con- 
sidered. 


CHUCKS FOR TURRET LATHDES.—There seems to be 
some difficulty in designing a chuck which shall comply 
with all the requirements of paragraph (i), especially when 


the bar to be operated unon is over 1 in. in diameter 
The usual thing is some form of collet chuck, as Fig. 34, 
together with which is combined a device for obtaining 
a mechanical advantage and securing a tight grip. The 
most favored method of operating collet chucks is by the 
combination of a pair of bell cranks with a sliding cone. 
Examples of this action are found in Figs. 37, 38 and 42 
Other methods are by a system of wedges; by modifica- 
tion of the toggle joint, and by differential screws. The 
combination of wedges is well exemplified in the Pittler 
chuck, where there are three wedges arranged in series, 
together with a rack and pinion, Fig. 35. 

A powerful chuck of simple form has been adopted by 
The Wolseley Co., in which toggle joints are introduced 
to get a tight grip, Fig. 36. 

That applied by Ward (Fig. 44) to their larger type of 
turret lathes, is a combination of toggles very similar to 
that introduced by Jones and Lamson in their flat-turret 
lathe. 

Alfred Herbert has introduced the principle of the dif- 
ferential screw ir. his patent power-operated chuck, which 
is simple in action, requiring but little effort on the part 
of the operator, Fig. 45. 

The chief fault of most of the collet chucks is that the 
actual movement of the collet is smal!; and, moreover, 
as they must be moved to a given point to lock them- 
selves, they allow of little variation in the size of the 
stock used. Consequently, as ordinary rolled stock of 
large sizes varies cqnsiderably in diameter, these chucks 
at times give trouble. The above-mentioned differential- 
screw chuck locks itself in any position, thus allowing 
greater variation in the size of the stock than the others 
and therefore mcre nearly approaching the requirements 
of paragraph (i). 

STOCK FEED.—With regard to (j). the feeding forward 
of the stock quickly, yet without shock, is a matter of 
importance. For light stock, a cord and hanging weight 
are satisfactory; but, when a weighty bar of metal is 
to be fed forward, the inertia of the bar is too great for 
such an arrangement to operate quickly yet without shock, 
so either a hand or power feed is necessary. Designs of 
hand feed are shown in the illustrations, Figs. 46 and 47. 
To manipulate heavy stock, power-operated mechanisms 
have been fitted by several firms to their machines, Figs 
37, 48 and 49. 

TURRETS.—With regard to paragraph (k) respecting 
the design of turrets, the author holds the opinion that the 
tendency in the construction of turret lathes has been to 


Fig. 27. Fig. 28. 
Figs. 27 and 28.—Fixing of Loose-Headstock. 


place too narrow a limit upon the possibilities of the ma- 
chines. This limit is occasioned by the type of turret and 
the consequent form of tools that have been necessary, 
the possible length of work being too short and the size 
of the cut too small. 

The flat-turret lathe introduced by Messrs. Jones and 
Lamson in 1891, correctly known as the ‘‘Hartness’’ flat- 
turret lathe, was one that was in itself a distinct change 
and an improvement in turret lathes for producing long 


Fig. 30. Fig. 3l. 
Figs. 29 to 31.—Back-Center Locks. 


work. This machine is illustrated in Figs. 37, 50, 51 and 
52. Fig. 37 is a sectional elevation of the headstock, and 
the other figures show various details of the turret and its 
mechanism. 


THE SWEDISH UNIVERSAL TURRET LATHE has the 
turret rotating about a horizontal axis, which is mounted 
upon a cross-slide. The design is reproduced in Fig. 47: 
With these turretsthere are independent stops for each tool 
brought into position automatically by the same move- 
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Fig. 32.—Combined Nut-release and Quick-with- 
draw. 


ment which rotates the turret. Details of the rotating and 
locking mechanism are also shown. 


A HOLLOW HEXAGONAL-TURRET LATHE is shown 
in Fig. 53. The turret is hexagonal that the tool holders may 
be bolted upon the flats, the cutting tools coming close to 
the turret face, so that there may be little overhang. The 
bar being turned may pass through the hollow turret and 
the possible length thereby increased. The turret is direct- 
ly mounted upon a saddle which traverses along the lathe 
bed. The location bolt comes immediately below the flat 
of the turret carrying the tool in action. To the front 
of the saddle an apron is fitted containing the mechanism 
for automatic traverse. 


THE CROSS-TURRET LATHE, shown in Fig. 54, has 
many novel points, the chief of which is the method of 
mounting the turret. It will be seen that the part of the 
lathe bed supporting the turret saddle is set back out of 
the line of the spindle center, so allowing all metal cut- 
tings to fall clear of the ways. The stops are carried by 
a plate at the rear which rotates with the turret, to bring 
the stop into position as the corresponding tools come 
into action. The rotation is effected by a rack that drops 
into gear with a spur wheel mounted upon the turret 
spindle when the locking gear is withdrawn. The worst 
feature about this turret is that the cutting pressure is 
wholly sustained by the locating pin. 

INCLINED-TURRET LATHES have been designed for 
working upon large castings. Each of these are new tools, 
in which the details of design seem to comply with all 
of the requirements of turret lathes excepting paragraph 
(o), which does not apply to this type of machine. 

The work usually furned upon these machines often ne- 


Figs. 34 to 36.—Collet-Chucks. 


cessitates the use of long overhanging tools, such as bor- 
ing bars, reamers, etc. The turret is therefore set over 
into an inclined position that these long tools may clear 
other parts of the machine. 

TURRET TRAVERSE.—Paragraph (m) requires that 
provision should be made for both quick and steady mo- 
tions. For light turrets a lever or a rack-and-pinion 
motion, with capstan handles, may be satisfactory; but, 
when getting to heavier work, some other means of tra- 
versing the turret must be introduced. For this purpose 
the worm gearing in Fig. 55 is very useful when applied to 
heavier types of turrets that have hand traverse, as it 
enables a steady motion to be given. For still heavier 
machines, power-operated traversing gear—such as those 
described—becomes a necessity, together with some form 
of automatic tripping mechanism. It is rarely, however, 
that we find a quick-motion traversing gear introduced for 
the purpose of changing the tool positions, 


CROSS SLIDES.—With regard to the requirements of 
paragraph (n), the cross slide referred to is of simple con- 
struction, suitable for the lighter types of turret lathes, 
in which all screwing may be done with dies, and the 
forming operations are simple. 


LEADER SCREWS.—Paragraph (0) refers particularly 
to brass-working turret lathes for making such things as 
prass fittings, upon which much screwing has to be done. 
The practice in the past has largely been to provide a 
rocker shaft at the back, with a chasing arm. the traverse 


of which is derived from a short leader-screw on the tail 
end of the spindle; but the threads so produced often vary 
considerably in size, owing to the spring of the arm. 

Dies are often out of the question, on account of the 
weakness of the material worked, therefore it seems to 
be the best practice to use a chasing saddle with leader 
screw in a suitable position for a release nut to mesh with 
it. By using different screws for the various pitches, the 
wear will be distributed over a number of screws; and, 
moreover, the screws being short, they are not very ex- 
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former, for instance, makes it possible to ha» 
tral thrust on the turret, which is usually mo; 
horizontal axis, and the controlling cam is easy . 
the latter, there are fewer wearing parts, and {: 
in construction; but the cams require more ski! 
to work at their best. There is, however, the 1, 
vantage, that, as the turret does not require to g., 
its full traverse for every tool place, whether 4 
not, there may be less idle time and less wear a; 

With regard to paragraph (s). This paragr 
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FIG. 33.—CHASING SADDLE OF CAPSTAN LATHE. 


pensive to replace when worn. This is the practice of sev- 
eral firms making turret lathes for this class of work. 


FULL AUTOMATIC SCREW MACHINES. 


HEADSTOCKS.—With regard to (p), the stock feed as 
used on turret lathes, requires some degree of modifica- 
tion in its adaptation to the screw machine, and it usually 
takes the form of a tube with a spring nose-piece carrying 
the stock, and to which movement may be given by a 
cam motion. The variation in spindle speed should be 
such as will suit different kinds of materials of all sizes 
within the machine capacity; but there is difficulty in 
getting a sufficient number of changes; consequently, as a 
rule, two speeds only are introduced, one suitable for 
turning at the larger sizes, and the other for screwing 
with a die. It is thus evident that if the machine is put 
upon brass of a size smaller than its maximum, the econ- 
omy is doubtful. A discussion of either of the paragraphs 
(q) (r) (s) is scarcely possible, without touching upon 
matters affecting the others. 


AUTOMATIC TURRETS.—These are arranged on two 
general systems. In one of these, the turret has a definite 
and complete range of motion, without the possibility of 


Ww 


presses the need for rapid change of tool position during 
such time as the tool is not actually cutting, so fhat the 
idle time may be reduced to the shortest possible. When 
considering this, the question naturally arises: What dif- 
ferent speeds of tool motion are necessary? To get the 
most satisfactory work from aufomatic screw machines, it 
is undoubtedly necessary that there should be a very 
quick speed for change of position; that it should be pos- 
sible to change the rate of tool feed to a reasonable ex- 
tent; and that the means of making the changes should }. 
simple. 


SOME FACTS RELATING TO THE ASPHALT PAVING 
INDUSTRY.* 


By P. W. Henry, Assoc. M. Am. Soc. C. E.i 
Thirty years ago there was not a yard of asphalt pave- 
ment in the United States; to-day there are about 3s,- 
000,000 sq. yds. of sheet asphalt and 2,000,000 sq. yds. of 
block asphalt, representing an investment by over %x) 
different municipalities of more than $100,000,000. As- 
phalt pavements are of two kinds, sheet and block as- 
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FIG. 37.—HEADSTOCK OF FLAT-TURRET LATHE. 


variation, through which it passes for each tool place, 
and usually there is a special mechanism with driving 
gear and cam motion to operate it. In the other, the 
turret motion is variable from nothing to its maximum, 
without any special operating mechanism, its movements 
being derived from a cam drum placed on the same cam 
shaft, which serves the other parts of the machine. 

Each of these systems has its special advantages. The 


phalf. Both forms in this country started about the sam: 
time. In 1870, Prof. E. J. DeSmedt, a Belgian chemis' 
laid what was the first sheet pavemen 


*Condensed from an niteene delivered before the stu 


dents of Rensselaer Fotyjpcaaie Institute and published iu 


“The Polytechnic.’’ 


{Vice-President and Manager, Barber Aspha'' 


Paving Co., 11 Broadway, New York city. 
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this country in front of the City Hall, in Newark, N. J. 
-nidad Asphalt was used as the cementing material, and 
b ; kind of asphalt has been used in about 85% of all 
aaa asphalt pavements laid since that date, and in all 
- the block pavements. In 1869 the first experiments 
re made in San Francisco with block asphalt, but ow- 
» to imperfect machinery the process was not a success 
“] 1880. About that date block asphalt was introduced 
, Washington, Baltimore, Boston, Chicago, and other 
-s. since which time it has spread into more than 80 
ferent cities and towns in the United States, and into 
ozen foreign countries. In 1876 it was decided to pave 
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Fig. 38.—Headstock of Automatic. Screw Machine. 


Pennsylvania Ave., in Washington, and Congress ap- 
pointed a commission consisting of Generals H. G. Wright 
and Q. A. Gilmore, of the Corps of Engineers, and Mr. 
Edward Clark, Architect of the Capitol, to select the best 


pavement. They received 41 proposals, for stone, mac- ‘ 


adam, tar and asphalt pavements, but of them all the 
commission selected two, and decided to pave two-fifths 
of the Avenue with Neuchatel rock asphalt and three- 
fifths with DeSmedt’s artificial Trinidad mixture. 

The Neuchatel asphalt occurs in Switzerland and is fine, 
amorphous limestone, naturally impregnated with asphalt 
or bitumen, and is similar in composition to other rock 
asphalts found in various parts of Europe. Starting with 
Paris in 1854 these rock asphalts were used in various Eu- 
ropean cities, but owing fo the slipperiness of the mate- 


Fig. 40. Cam-Driving 
Mechanism. 


Fig, 42. Headstock, Plan 


000 sq. yds. of American rock asphalt, most of which was 
mined in Kentucky and Indian Territory. 

The asphalt industry, therefore, in the United States, is 
properly that of the artificial mixture as originally de- 
vised by Professor DeSmedt. In that case he used Trinidad 
asphalt but of recent years other asphalts for a cement- 
ing material have come into use. 

As an illustration of the rapid development of the in- 
dustry it may be noted that the number of square yards 
of sheet asphalt pavements laid up to 1880 was 300,000 
sq. yds., in 1885 1,800,000, in 1890 8,100,000 in 1895 21,- 
500,000, and in 1900 38,000,000 sq. yds. It must not be 
assumed that no difficulties arose in the development of 
the business. Many of the earlier pavements were failures, 
and it was only by close study and experience that a suit- 
able mixture was finally devised. To-day contractors are 
willing to lay an asphalt pavement on Lower Broadway, 
New York city, and guarantee it for ten or fifteen years, 
whereas ten years ago no contractor would have thought 
of taking such a risk. 


THE FOUNDATION AND THE MIXTURE. 


With the exception of the wearing surface, an asphalt 
pavement is like all other well constructed pavements. It 
must have a solid foundation, whether of Portland cement 
concrete, natural cement concrete, macadam, cobble stone 
er broken stone, every one of which has its value, depend- 
ing upon the character of the sub-soil and amount of 
traffic. Upon this foundation is laid first a binder course 
and then the asphalt wearing surface, the thickness of 
each course depending upon the amount of traffic. The 
binder is a mixture of fine broken stone from \4-in. to 1 
in. in size, coated with asphalt cement and laid to a 
thickness of 1 in. to 14 ins. The object of the binder is 
to prevent the shoving or rolling which occurred when the 
asphalt wearing surface was laid directly upon the hy- 
draulic concrete foundation. The stone is first heated, 
and while in this state the hot liquid asphalt cement is 
added in a suitable mixer in sufficient quantity, usually 
3% to 4%, to cover each particle of stone. If more than 
this amount is used the asphalt cement either drains off 
on its way to the street, or is drawn by capillary attrac- 
tion into the surface mixture, appearing some months af- 
ter upon the surface of the pavement in irregular blotches. 
If too little is used, the particles of stone will not adhere, 
but the whole mass will break up under the roller. 

The wearing surface is that portion of the pavement 
which sustains the traffic and therefore deserves most 
careful consideration. As a large proportion, 90 per cent., 
of the wearing surface is mineral matter it is a very im- 
portant constituent. From experience it has been found 
that a silicious sand, of such size that all its particles 
will pass a ten-mesh screen gives the best results. It is 
important that the resultant mixture shall be dense and 
compact; therefore sand grains of one size could not be 
used, but the sand must be properly graded. 

As the 200 mesh material is an important constituent 

of the mixture and as it is difficult to find in nature a 
sand so fine, it is customary to grind limestone or quartz 
until it is as fine as the best grades of Portland cement. 
Ground limestone is preferable to ground quartz as the 
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Fig.43. Friction Gear. 


FIGS. 40 TO 43.—DETAILS OF AUTOMATIC SCREW MACHINE (CLEVELAND). 


rial, and possibly to the lack of energy on the part of its 
promoters, there exist in Europe to-day less than 5,000,- 
(00 square yards of rock asphalt pavement. In this coun- 
try, also, this introduction has been slow. In Washing- 
ton when if was decided to repave Pennsylvania Ave. in 
1889, the artificial Trinidad mixture had proved so satis- 
factory that the entire street was relaid with this mate- 
rial and the Neuchatel was discarded. Up to the present 
dafe about 1,000,000 sq. yds. of foreign rock asphalt pave- 
ments have been laid in the United States, and about 500,- 


limestore seems to have the property of absorbing the 
asphalt or bitumen, making a tougher mixture than when 
quartz is used. In the latter case the bitumen does not 
penetrate, but only coats the outside of the particles. 

Although, as stated before, a silicious sand makes the 
best mixture, yef other sands have been used with good 
results where the traffic is not excessive. In Santiago de 
Cuba the sand used is of a calcareous nature, and in Al- 
bany, Poughkeepsie and a few other cities it is of a shaly 
nature. 


The quantity of asphalt or bitumen, which cements the 
particles of mineral matfers together, depends not only 
upon the size of the grains, but also upon the shape and 
character of each particle. Best results are obtained 
when each particle is thoroughly coated with asphalt, so 
that when the paving mixture is compressed under the 
roller, each parficle lies hard against the other with just 
enough asphalt to act as a cementing material If too 
much asphalt is used the pavement becomes soft and 
mushy and liable to shift under traffic. The excess of 


Fig. 39.—Turret of Automatic Screw Machine 
(Herbert). 


asphalt, under a hot summer’s sun, becomes a lubricant 
and the particles of mineral matter slide upon each other. 
If foo little asphalt is used, some of the particles are not 
coated and the mixture is liable to disintegrate under 
traffic. In general it is found that a well-graded sand will 
carry from 10% to 11% of bitumen, or pure asphalt, al- 
though some sands, particularly those found along the 
Platte River, Nebraska, will not carry more than 9%, even 
though the size of the particles, as shown by the mesh 
composition, may be the same as another sand carrying 
11%. This difference may be due to the shape of the par- 
ticles and to the character of their surfaces. The surface 


Fig. 44.—Chuck for a 9-in. Flat-Turret Lathe. 


of some sand grains may be polished like plate glass, while 
other grains may have a surface more resembling ground 
glass. 

The exact quantity of asphalt which a given sand will 
carry is generally determined in a practical way by what 
is known as the “‘paf test.’’ In this test a small sample 
is taken of the hot asphalt mixture (sand and asphalt) and 
is compressed by hand between two sheets of smooth, 
brown wrapping paper. If there is sufficient bitumen, the 
resulting stain on the paper will be scarcely perceptible; 
if too much, the sfain will be blotchy. The proper stain 
can be learned by experience. In the laboratory, of course, 
more scientific methods are used, but as the character of 
the sand may vary from day to day, and in different hours 
of the same day, it is necessary to have some rapid, prac- 
tical test which can be applied by the ordinary foreman. 
As the desired sand grading is seldom found in any one 
sand, it is usually aecessary fo mix two, three or even 
more sands to obtain the required mesh composition. It is 
necessary to check the sand grading by taking samples of 
the hot sand after it has been mixed in the heaters. 


THE PITCH LAKE OF TRINIDAD. 


It will be interesting to examine the occurrence of those 
asphalts which have been most largely used in the devel- 
opment of the paving business of this country. Chief 
among them, as it has furnished 85% of the asphalt used 
fn the paviug industry in this country, besides largely 
supplying Europe, Australia, South America and other 
parts of the world, is the famous Pitch Lake of Trinidad, 
B. W. I., just off the coast of Venezuela. 

This deposit occupies a bowl-like depression, probably 
the center of an extinct mud volcano, some of which are 
found in other parts of the Island. It covers about 114 
acres, is nearly circular in outline and a little less than 
half a mile in diameter. The center of the deposit is 
about three-quarters of a mile from the shores of the 
Gulf of Paria, and about 135 ft. above the level of the sea,* 
making it easy of access and simplifying the question of 
shipment. The surface is hard enough, except in irreg- 
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ular patches in the center, to bear the weight of carts and 
mules. It is necessary, however, for one to keep moving, 
otherwise he soon sinks in the material, which under the 
hot rays of the sun becomes quite mobile, although not 
sticky, owing to the large amount of water which it con- 
tains. The surface of the deposit is divided into irreg- 
ular areas, from 60 to 150 ft. in diameter, separated by 
crevices several feet across and from 6 ins. to 6 ft. or 
more in depth, in which rain water collects and in which 
fishes, some 6 ins. long, resembling mullets disport them- 


Fig. 45.—Power-operated Chuck. 


selves. Each of these areas has a motion of its own, 
from the center to the edge, due to the gas which is being 
evolved. If a stake is placed in the center of one of these 
areas it will gradually work to the edge and finally dis- 
appear. The crevices are found where the different areas 
meet, and although the edges of the asphalt in these areas 
touch each other at a greater or less depth, they do not 
appear to unite. This deposit has well been called a lake 
and it possesses the qualifications which such a name 
would imply. It occupies limits well-defined by shores, 
From borings made by the writer it appears that the de- 
posit occupies a bowl-shaped basin, the bottom of which 
100 ft. from the shore is about 90 ft. from the surface. 
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Fig. 46.—Stock Feed and Chuck Mechanism. 


The depth in the center is unknown as it was impossible 
with the implements employed to bore to a depth greater 
than 135 ft., through all of which the material was that 
similar to that on the surface. When asphalt is dug from 
any portion of the deposit, in the course of a few days 
the hole is filled by new material coming from below, 
but the entire area of the lake, 114 acres, is lowered in 
consequence, showing that the mass acts as a liquid, of 
less mobility however, than water. The composition of 
the asphalt is of remarkable uniformity, no matter from 
which portion of the lake it is taken. Samples taken 135 
ft. deep at the center did not differ in composition from 
those taken on the surface a few feet from the shore, 
showing the homogeneousness of the entire mass. Then, 
too, the surface is in constant motion. There are on the 
surface of the lake half a dozen or more islands, from 50 
to 150 ft. in diameter, composed of floating vegetation, 
with trees 30 or 40 ft. high and dense undergrowth. From 
accurate surveys it was found that one of these islands in 
one year moved over 25 ft. There are also more rapid 
movements corresponding to currents and eddies in a lake. 
In making surveys for the tramway, different lines were 
run across the lake and stakes put in every 100 ft. These 
stakes were put in line with a transit and the following 
day the alinement was about the worst possible. In 20 
days one of the stakes had moved 24 ft., or over a foot 
per day, and other stakes from that amount down to a 
few feet. This motion is due to the evolution of gas, 
which is ccnstantly being given off and in some places 
in such quantities that it can be ignited by a match. Then 
too, this lake is fed by springs bringing in new material 
to the amount of at least 10,000 tons per year. Near the 
center of the lake this soft asphalt appears and spreads 
over the old and hardened surface. The lighter oils evap- 
orate under the rays of the tropical sun and the new 
material then becomes hard like the rest of the lake. The 
resemblance of this deposit to a lake may therefore be 
summed up as follows. Its occurance in a basin with well 
defined shores and bottom; its movement as a mass, pre- 
serving its level; the uniformity of its composition; the 
movements of its surface; the presence of islands and the 
existence of springs. 


From levels taken by the writer in Fed-uary, 1893, and 
again a year later it appears that the center of the lake 
is almost a foot higher than the edges. This is probably 
due to the ebullition of the soft asphalt near the center. 
Levels have been taken every year since that date and it 
appears that the lake preserves its contour, although the 
general level has been lowered nearly 4 ft. in the past 
eight years. It has been found that the removal of about 
18,000 tons of asphalt will lower the level 1 in., and as 
the output is about 100,000 tons per year the level is low- 
ered from 5 to 6 ins. per year. From the borings, how- 
ever, it is evident that for several generations to come 
there will be no shortage. These borings were made with 
the ordinary portable water-jet machine, such as is used 
in making borings through sandy material, and it was well 
suited for the purpose. It took several days to make the 
borings in the center of the lake, and by that time the 
casing had gotten so far out of plumb due to the motion 
of the asphalt, that it was impossible to drive it any 
deeper. This casing finally disappeared although its top 
originally stood 6 or 8 ft. above the surface. 

The asphalt is dug by means of picks or mattocks just 
before dawn, when the asphalt is comparatively brittle, 
and in the early days of the industry was loaded upon 
carts and taken to the beach, where it was stored until the 
arrival of vessels, or dumped directly into lighters which 
carried it to the sailing vessels or steamers, anchored 
half a mile out from shore. As the business increased it 
became necessary to install more rapid and economical 
methods of loading. Surveys for the tramway and pier 
were made in February, 1893, by the writer, who outlined 
the plan finally adopted. Detailed plans and specifications 
were made by L. L, Buck, M. Am. Soc. C. E., and the 
resident engineer in charge of erection was E. G. Free- 
man, M. Am. Soc. C. E., and it was finished in the fall 
of 1894. 

The problem was a simple one; 1,700 ft. from the shore 
of the gulf there is a depth of 30 ft. of water, gradually 
shoaling to the shore. It was decided to erect a pier 375 
ft. long with its outer end 1,700 ft. from the shore. This 
pier consists of two bridge spans, resting upon steel cas- 
ings filled with concrete. The bridge work is of light 
construction, as there is litthe weight to carry, the pitch 
lake itself being used as the place of storage. This pier 
is connected with the shore and pitch lake by the Bleich- 
ert overhead cable tramway, supported at intervals of 300 
ft. on towers erected in the water, and at less Intervals on 
the shore. The terminus of the overhead cableway is 
situated on the solid ground a few hundred feet from 
the edge of the pitch lake. From that point an ordin- 
ary cable surface tramway is run out on the lake, sup- 
ported on a sort of corduroy road made of palm branches, 
etc. On this surface railway flat cars are used, carry- 
ing buckets, which after being loaded are taken tu the 
terminus, lifted by hydraulic power to the hangers and 
then sent to the pier, where the asphalt is dumped into 
the hold of the vessel AS the heavy buckets go down 
grade and the light buckets up, less than 15 HP. are re- 
quired for both overhead and surface cableways. The 
capacity of the plant is 70 tons per hour, and as there 
are often vessels on both sides of the pier at the same 
time, the plant is frequently run to its full capacity. 


not soluble in carbon disulphide (which is the s, 
bitumen) the relative quantities being as follow< 


From this analysis it appears that less than ue 
of the crude asphalt as it comes from the lake is } = 
and that a large percentage is mineral matter. ; a 
these are essential to a good pavement. In purer 
it is necessary to add fine mineral matter artifice, 
it is doubtful if as good results can be obtained . 
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Figs. 48 and 49.—Roller Stock-Feeds. 


nature had done the mixing. The mineral matter found in 
Trinidad asphalt is exceedingly fine sand and clay, a!) of 
it passing a 200-mesh sieve, and it is mineral matter of 
this size which is so essential to a good pavement. it is 
uncertain whether or not the ‘‘organic matter not bitu- 
men”’ is of particular value in a pavement. It does not 
appear to be deleterious, and probably answers the same 
purpose as the fine mineral matter. 
REFINING AND MIXING ASPHALT. 

Water, however, is objectionable and it is the only 
element which must be removed before rendering the as- 
phalt suitable for paving purposes. This process is gener- 
ally called refining, but it is more properly a drying 
process. In fact, all the moisture can be removed by 
grinding the crude asphalt into a powder and then ex- 
posing it to the rays of the sun or putting it in a dry 
atmosphere, when ell the water will evaporate. A process 
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FIG. 47.—SWEDISH UNIVERSAL TURRET LATHE. 


There is a small refining plant at the terminus of the 
eableway, but owing to the higher duty on refined asphalt 
coming into this country it is cheaper to refine here. Re- 
fined asphalt, however, is shipped from Trinidad to 
Mexico, South America and other foreign countries. 

The crude Trinidad Lake asphalt is an emulsion of 
water, bitumen, mineral matter and some organic matter 


of this kind has been patented, but it cannot compete 
commercially with the ordinary method of subjecting the 
asphalt to heat. There are two methods of applying this 
heat: first, the direct action of fire against the kettle or 
tank holding the asphalt; second, through the medium of 
steam coils. The first is thesold method, and it is stil! 
in considerable use although the second method is the one 
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<ed in the newer plants. When direct heat is applied, it 
oustomary to put the crude asphalt into cylindrical 
aks some 20 ft. long and 8 to 10 ft. in diameter. As 
sphalt is a very poor conductor, it takes a long while 
- the heat which is applied to the lower part of the 
citle to penetrate the mass, and improvements were made 
this form of kettle by placing several large flues 
»rough which the products of combustion are drawn. 
)) even with these flues the time taken to refine a tank 


Cross Section 


FIGS. 50 TO 52.—DETAILS 
OF FLAT-TURRET 


F., quick flow at 78° F. and containing only a few per 
cent. of volatile matter in seven hours at 400° F. 

In order to make a satisfactory asphalt cement (as the 
mixture of refined asphalt and residuum is called) it is 
customary to mix it in the proportion of about 100 parts 
of refined asphalt to 20 parts of residuum. The asphalt is 
first melted in tanks and the residuum is then added and 
thoroughly mixed by agitating with air or steam. As the 
quality of the residuum varies, it is not possible to gage 


LATHE. 


of asphalt is from six to seven days. During that time 
considerable of the mineral matter settles to the bottom, 
forming coke, under the direct heat of the fire so that 
after every operation it is necessary to thoroughly clean 
the tank, as the sediment covers the bottom to the depth 
of a foot or more. In the early days of the industry this 
sediment was thrown away as it was considered deleterious 
to the pavement. Now, however, by the new process all 
of this material is saved and goes into the pavement where 
it properly belongs. 

The second process is a great improvement, not only 
because it reduces the time of refining from six days to 
twelve hours, but also because it does away with the pos- 


Fig. 53.—Hollow-Hexagonal Turret. 


sibility of overheating or burning the material. Under 
direct heat, through carelessness, the asphalt might be- 
come beated to a temperature of 600° or higher, whereas 
under the new process the heat cannot become greater 
than that due to the pressure carried in the steam coils. 
As it is customary to carry a pressure of 100 Ibs. the cor- 
responding degree of heat is about 325° Fahr., which is 
ample. The new process is a simple one. A tank 10 ft. 
« 10 ft. x 15 ft. high is filled with coils of 1%4-in. pipe not 
more than 6 ins. apart. These coils are made of extra 
heavy pipe and are well braced and protected so they will 
not be damaged by lumps of crude asphalt falling upon 
them. In one of these tanks there are about 4,500 lin. ft. 
of pipe, thus ensuring sufficient heating surface. The 
horse-power required per tank is about 125, and the 
amount of water evaporated from each charge of asphalt 
is 28,000 Ibs. In order to keep the mineral matter from 
settling, perforated steam pipes are placed in the bottom 
of the tank, from which the escaping steam keeps the 
mineral matter in suspension. At the temperature of re- 
fining the asphalt is liquid, and after all the water has 
escaped, it is run into barrels—generally second-hand 
cement or flour barrels—and shipped to the paving plan<. 

Refined Trinidad lake asphalt of itself is too hard and 
brittle to form the cementing agent to bind the particles 
of sand together. It is: therefore necessary to use a flux 
to bring the asphalt to the proper consistency. For this 
purpose petroleum residuum is generally used, although 
iiquid asphalts from California have been used to some ex- 
tent. Both are pure bitumen. As liquid asphalt is more 
expensive and residuum has been used for many years with 
good results, it still remains the fluxing agent in general 
use. Residuum is a heavy dark oil, resembling the cheaper 
lubricating oils, and contains none of the lighter oils. Its 
gravity is from 20° to 22° Beaume, flash point about 450° 
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the exact amount necessary by weight. Samples are 
therefore taken by the foremen in charge and tested by 
chewing. By practice a man can become expert in this 
line, but it is of course necessary to have a standard 
sample for comparison. At the laboratory and at the 
larger plants the consistency of the asphalt cement is 
tested by an apparatus called the penetration machine, 
and the consistency of the cement is recorded. Other 
methods for determining the consistency are also in use 
and each one has its merits. For quick service the chew- 
ing test is as accurate as any other, but there is no method 
of recording its results. 

The asphalt cement, which in the tanks is carried at a 
temperature of 300° to 350° F., is now ready for use, and 
is added to the hot sand and other mineral matter in a 
mixer which is simply a box encasing two shafts revolv- 
ing in opposite directions, on which are blades shaped 
like propeller blades. The mixture is generally made in 
batches of 9 cu. ft., and the time of mixing is from a 
minute to a minute and a half. The resultant mixture is 
then dumped into wagons, hauled to the street, raked and 
rolled in the manner with which you are doubtless all 
familiar, anc the asphalt pavement after a few hours 
cooling is then ready for traffic. 

OTHER ASPHALT DEPOSITS. 


Having thus briefly considered the preparation of Trini- 
dad lake asphalt, other deposits will be taken up and ex- 
amined. Outside of the Pitch Lake of Trinidad are de- 
posits of asphalt known as “‘land asphalt’’ in distinction 
to the material coming from the lake. It is of the same 
general character, somewhat harder and more brittle, and 
usually lacks the life of the lake material. Some consider 
that this asphalt is the result of an overflow from the 
lake, as it occurs at a lower level, being mostly found 
between the pitch lake and the sea. Its quality, however, 
is irregular and for this reason, if no other, it has not 
generally proved satisfactory for paving purposes. Some 
of it is very hard and is known as iron pitch, other re- 
sembles coke and some of it appears similar to the lake 
material. Considerable of it has apparently been burned 
through forest fires. Land asphalt occurs in irregular de- 
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posits or pockets with considerable earth and other rub- 
bish. The materia] taken for shipment is usually selected 
with considerable care, the coke and foreign matter being 
cut from the portion which appears to be of good quality. 
The excavations are carried to a considerable depth and 
the asphalt from adjoining lots often finds its way into 
these excavations, giving rise to numerous law suits. As 


the production of this material is small, no special ap 
paratus is used for loading upon vessels, but the material 
is carted to the beach and then taken out to the vessels in 
lighters. This material is refined and treated in a manner 
similar to the lake asphalt, except that more residuum is 
required to produce asphalt cement of the proper con 
sistency. 

Next to the Island of Trinidad, Venezuela has furnished 
the largest amount of asphalt used in the paving industry, 
about 2,500,000 sq. yds. of pavement having been laid with 
this material. Across the Gulf of Paris about 105 miles 
due west of the Trinidad Pitch Lake lies the Bermudez 
asphalt lake, situated in the State of Bermudez, Vene- 
zuela, It lies in a straight line about 20 miles from the 
gulf, but by the San Juan and Guanoco rivers the distance 
from the bar at the mouth of the river is some 40 miles 
The San Juan is a deep, wide river and although there ar: 
only 19 or 20 ft. of water at the bar, in the river itself 
the water is in many places over 100 ft. deep. From the 
San Juan branches a smaller river, the Guanoco, and 
three miles from the junction is located the wharf along 
which steamers drawing 18 ft. of water can lie and re- 
ceive the asphalt. This wharf is located about five miles 
from the asphalt lake, to which it is joined by a narrow 
gage steam railroad. The lake covers an area of about 
1,000 acres, being nine times the area of the Trinidad 
lake. This larger area does not necessarily indicate a 
larger amount of material in the deposit, for the asphalt 
in many places is only from 2 to 10 ft. deep. There are 
many springs of soft asphalt or maltha, the largest being 
about seven acres in area. Outside of the springs where 
new material is constantly exuding, the surface of the 
lake is covered with vegetation and trees, which muet first 
be cut off to reach the asphalt. The quality of the asphalt 
varies from the maltha, or liquid asphalt, exuding from 
the springs to the hard glance pitch which has been pro 
duced by fires which during the dry season sometimes 
sweep across the lake. Underneath the roots of vegetation 
is the asphalt of commerce, which is handled in much the 
Same way as Trinidad, although it is considerably softer 
Its composition also differs considerably from that of 
Trinidad, and the crude material does not present the 
uniformity of Trinidad. The crude Bermudez asphalt 
contains water, but it is present as a mixture and not as 
an emulsion. In percentage the water varies from 10 to 
40%., averaging 31%, whereas in Trinidad asphedt the 
quantity is constant at 28%. The mineral matter also 
varies from less than 1% to more than 3%., while the 
organic matter not bitumen varies from 1 to 6% An 
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average analysis of the crude material from the lake Is as 
follows: 


100% 


In this case, as with Trinidad asphalt, the only element 
to be eliminated is water, and this is done in the same 
manner. 

The asphalt although considerably softer than Trinidad 
is dug in a similar manner and loaded into smal! side- 
dump cars running on a portable track. These cars are 
pushed by hand to the terminal station on the shore of the 
lake, where they are dumped into boxes contained on flat 
cars. These cars are then taken by the locomotive to the 
wharf on the Guanoco River, about five miles distant, and 
dumped directly into the vessel if one is alongside, other- 
wise they are dumped on the shore of the river, where 
there is considerable storage place, 

As the material is softer than Trinidad asphalt it is 
necessary to have the hold of the steamer or gailing ves- 
sel divided into compartments in order that the material 
may not move too freely. If this were not done, the sail- 
ing vessel would get such a list in sailing for any length 
of time on one tack that it would.be impossible to get her 
on the other tack ard the vessel would finally capsize 
This same difficulty to a less extent would also occur in 
steamers where no provision for bulkheads was made 
There is in process of erection at the Bermudez lake a 
refining plant. 

Next in use to Bermudez asphalt is Alcatraz asphalt, 
about 200,000 sq. yds. of this material having been laid. 
Alcatraz is a trade name rather than a specific kind of 
asphalt. This material comes from California, and its 
occurence is very different from the Trinidad and Bermu- 
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dez ahphalts. In fact, there are no asphalt lakes in the 
United States, but the material occurs either in veins, 
similar to coal and other minerals, or itis mixed with sana 
and the asphalt must first be extracted. Asphalt of cer- 
tain grades is also produced by driving off the lighter oils 
from the crude oil found in California and elsewhere. 

The Alcatraz asphalt as originally placed on the market 
was a mixture of hard asphalt taken from veins lo- 
cated at LaPatera and of liquid asphalt obtained from Car- 
penteria, some 15 miles distant. The hard asphalt con- 
tained from 55 to 60% of bitumen, about the same as Trin- 
idad, but was considerably harder. The liquid asphalt 
was extracted from asphaltic sand by boiling the latter in 
large vats of hot water. The liquid asphalt would rise 
to the top, was skimmed off and shipped by railroad to 
LaPatera. The proportion of liquid asphalt would vary 
according to the consistency of the asphalt cement desired. 
Generally it was necessary to add residuum at the paving 
plant. Finding this method of producing alphalt too ex- 
pensive, it was decided to extract the asphalt or bitumen 
from a large deposit of asphaltic sandstone located at Sis- 
quoc, in Santa Barbara county. This sandstone contains 
from 12 to 18% of bitumen which is extracted by dis- 
solving it in naptha, then piping this solvent to Alcatraz 
Landing on the coast, 30 miles distant, evaporating the 
solvent, pumping the solvent back to Sisquoc, where it 
would be used over again, and running the asphalt or 
bitumen into barrels ready for shipment. This scheme 
necessitates two plants, one at Sisquoc and one at Alca- 
traz Landing, both of them elaborate and the most costly 
of any asphalt plans in existence. 

At Sisquoc, the asphaltic sandstone is quarried by blast- 
ing down the open face. An electric crane operated by a 
dynamo in the main building, loads the rock into a car 
which is hauled by cable to the hopper over the crush- 
ing rolls. These rolls are fluted and the final pair only 
3 ins. apart. The crushed rock is then conveyed to the 
melter, a large steam-heated drum, where it becomes 
plastic and mushy, somewhat like the hot asphalt pav- 
ing mixture as it is laid on the street. This mushy ma- 
terial then goes to another drum where it is mixed with 
the solvent, naptha, containing considerable asphalt which 
has been dissolved from a previous charge. The material 
then goes to a settling tank where the saturated solution 
of asphalt and naptha is drawn off and delivered to a 
tank at the head of the pipe line, whence it goes by 
gravity to Alcatraz Landing. The sediment in the settling 
tank, which still contains some asphalt, is forced by a 
screw conveyor into another tank where it is further 
mixed with solvent, until after several operations of this 
sort the asphalt is entirely dissolved and the sand left 
clean and white. As the sand, however, is wet with the 
solvent, the latter must be recovered, and this is accom- 
plished by heating the sand in steam-jacketed drums. The 
solvent goes into condensers and is then used over again. 
The clean, dry sand is then conveyed to the dump. At 
Alcetraz Landing the solution is placed in stills, the 
naptha driven off and recovered in condensers, whence it 
is pumped back to Sisquoc and used over again. The as- 
phalt is run into barrels and is then ready for shipment, 
either by rail or water. For water shipment there is a 
pier about 800 ft. in length along which vessels can lie. 

There are many other deposits of asphalt in California, 
but with a few exceptions they have not been largely de- 
veloped. In most cases the asphalt occurs in veins or 
pockets and must be mined and then fluxed with liquid 
asphalt to obtain the proper consistency. 

In Indian Territory, Texas and Kentucky are deposits of 
rock asphalt which have been used successfully in laying 
pavements, after the manner of the European rock as- 
phalts. These materials, however, cannot be used very 
far from the point of their occurence, owing to the cost 
of freight. The deposits in Indian Territory have been 
used chiefly in Kansas City and St. Louis, those of Texas 
in Houston and San Antonio, those of Kentucky in Louis- 
ville. In Indian Territory there are deposits both of as- 
phaltic limestone and sandstone, and in order to make a 
good pavement these asphalts must be mixed in the proper 
proportions. In order to use the Kentucky asphaltic sand- 
stones successfully, it is necessary to mix with them vari- 
ous European asphaltic limestones or other asphalts. Sev- 
eral attempts have been made to extract by hot water or 
naptha the asphalt or bitumen from these asphaltic sand- 
stones, but commercially they have been failures. 

In Mexico, along the coast not far from Tampico, have 
been found springs of asphalt, which in quality resemble 
Bermudez asphalt, although somewhat softer. These 
springs, however, give out a limited quantity of asphalt 
and only occasional cargoes find their way to this country. 

It so happens that over one-half of the entire asphalt 
pavements leid in the United States have been laid by one 
company. This is largely due to the circumstances under 
which the industry was originally established, but of 
recent years many other companies have entered the field. 
Competition will always prevail, for in every city there is 
some local contractor who has seen his business laying 
brick, stone, macadam or other paving material consid- 
erably decreased by the laying of asphalt pavements and 
. he therefore naturally adds the laying of this class of 
pavement to his business. Then, too, the price of asphalt 
pavement is governed largely by the price of other pave- 
ments, and as long as a brick pavement can be laid as 
cheaply as it is being laid to-day, it will be difficult to 


get for an asphalt pavement a very much higher price. In 
general it is found that the property owner is willing to 
pay a higher price for asphalt pavement than for any other 
form of pavement, but he is not willing to pay a very 
much higher price. At present, there is in nearly every 
city where the large companies are doing business one or 
more local contractors who are laying pavements in com- 
petition. 


A WATER COLUMN FOR RAILWAY WATER STATIONS. 


In the water columns used for filling tender 
tanks, one of the most important parts is the 
valve controlling the flow of water, it being es- 
sential that the valve should operate quickly and 
give a full flow when open. The water column 
illustrated in the accompanying cut is of the or- 
dinary type, with the vertical pipe revolving in 
its base casting, and being locked in either posi- 
tion (with its arm parallel with or at right angles 


connected to the operating lever on the s; 
bears on the valve stem (F) by means o; 
justable set screw, by which the speed of 
ing the main valve is controlled. The 
stem or pipe (I) is an air pipe for cushio; 
valve (C) and its outlet may be fitted » 
air valve (J) or with a pet cock. When th. 
is seated it takes a bearing upon the 
washer (K) and the wings (D) and () 
guides and bearing surfaces as the valve 
vertically in its chamber (L), which is fitt 
a bronze lining. 


The auxiliary valve (M) works in a 


chamber (N) and opens or closes a pass: 
which extends from the delivery main to t} 
iliary valve; and a port (P) which extend. 
this valve to the main valve chamber ([,) 
amount of water flowing to the chamber 1» 
regulated by the set screw (Q). 


hand 
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Fig. 2.—Auxiliary 
Valve for Gul- 
land Water Col- 
umn. 
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When the pipe has been swung round with its 
spout over the manhole of the tender tank, the 
fireman pulls the operating lever (R) on the spout. 
and this, by means of the connecting rods (S) (Ss) 
raises the tail of the lever (H), the short end of 
which pushes down the stem of the auxiliary 
valve (M). This movement closes the port or 
passage (O) and opens communication between 
the main valve chamber (L) and the discharg 
pipe (T) by means of the port (P) and the open- 
ing in the casing of the auxiliary valve to which 
the discharge pipe is attached. This is shown in 
the main drawing, Fig, 1, and also in the detail 
of the auxiliary valve, Fig. 2. When this com- 
munication is established, the pressure on top of 
the valve (C) is relieved, and the pressure under 
its wings then raises it until it seats against 
a gasket in the top of the cover (G). When in 
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FIG. 1—THE GULLAND WATER COLUMN. 
Best Mfg. Co., Pittsburg, Pa., Makers. 


to the track) by a lever on the pipe fitting notches 
in the base casting. The arm may be made rigid, 
as shown, or with a flexible elbow joint. The 
standard diameter of the pipe is 8 ins. The base 
of the pipe is fitted to a packing gland, and rests 
on a ball bearing as shown. This bearing is kepi 
away from the water space and is easily lubri- 
cated, while the balls can be readily renewed. 
The valve, which is the special feature, is 
placed in a pit and is connected to the delivery 
main and to the standpipe of the water column. 
In the shell or body casting (A) is fitted a sta- 
tionary bronze piston (B). The top of this forms 
a seat for the cup-shaped bronze valve (C), which 
has upper and lower outside wings, shown at 
(D) and (E). At (F) is the stem of an auxiliary 
valve attached to the cover (G) of the valve cas- 
ing, while a lever (H), pivoted to this cover, is 


this position, the water has a free flow through 
the body (A) to the water column. To shut off 
the water, the fireman throws back the lever on 
the spout, releasing the lever (H), when thie 
spring in the auxiliary valve chamber (N) raises 
the valve (M), thus opening communication be- 
tween ports (O) and (P), between the delivery 
main and the top of the valve (C), when the 
water pressure forces the valve down, the air 
under the valve escaping through the hollow pipe 
(I). The valve on this pipe enables the move 
ment of the valve to be controlled as desire: 
The water is shut off quickly, and the motion of 
the valve is checked as it reaches its seat, thus 
preventing shocks due to sudden seating of th 
valve. 

The valve can be attachea to any make of water 
column. It was designed by Mr. Charleg Gul- 
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od, of Pittsburg, and the device is being intro- 
"spy the Best Mfg. Co., of Pittsburg, Pa., to 
om we are indebted for drawings and other 
-mation. It is already in use on several rail- 


ys. 


4. NICIPAL ENGINEERING WORK AT MILWAUKEE, WIS. 


“he city of Milwaukee, Wis., has some im- 
-ant municipal works under contract and pro- 
ed, and the following article has been prepared 

» notes made by a representative of the edi- 

‘al staff of Engineering News during a recent 

“st to that city. The information was obtained 

rough the courtesy of Mr. Charles J. Poetsch, 
,r Am, Soc. C. E., City Engineer, and President of 
\.. Board of Public Works, and Mr. B. W. Per- 
~oo, Assistant City Engineer. The city is di- 

ied by its rivers into three districts, each of 
«hich is in charge of a Resident Engineer, who 
makes all the surveys, prepares estimates for 
<+peet work, ete., and is in general charge of all 
work in his district. Mr. N. Engel is Resident 
Engineer of the West District, Mr. E. Kuhlmann 
of the South District, and Mr. A. E. Retzlaff of 
the East District. The engineering department 
has light and spacious quarters in the handsome 
new City Hall, and there is one room (with three 
desks) for the use of the Resident Engineers. 

RRIDGES.—The present swing bridge over the 
Milwaukee River at Grand Ave. and Wisconsin 
St. is to be replaced with a double-leaf bascule 
bridge, and plans and proposals for this bridge 
are now being invited. The bridge will be 95 ft. 
long, with two concrete piers and two masonry 
abutments (all on pile foundations), leaving a 
waterway on each side of the main channel. The 
width of the structure will be 64 ft., including a 
26-ft. roadway and two 12-ft. sidewalks outside 
the main trusses. The location is an awkward 
one, as the streets are so laid out that the north 
line of Wisconsin St. (on the east side) almost 
coincides with the south line of Grand Ave. (on 
the west side). Besides this, the U. S. Govern- 
ment requires a navigable channel 70 ft. wide be- 
tween the protection piling of the pliers, measured 
at right angles to the center line of the river. 
Plans for a bascule bridge at this site were in- 
vited once before, but were all rejected. The su- 
perstructure of the present bridge will be removed 
to the site of the Chestnut St. bridge, to replace a 
lighter structure, which will be broken up. 

A new bascule bridge is also to be built at 
Broadway, giving a channel 100 ft. wide in the 
clear. The superstructure of the present Broad- 
way bridge will be moved to Lincoln Ave., to re- 
place the present old wooden Howe truss struc- 
ture. This will require the construction of a new 
center pier, protection piers and stone abutments 
at Lincoln Ave. 

STREETS.—Brick paving has not been used to 
a great extent, owing to the unsatisfactory re- 
sults with some of the early bricks. It is now 
coming into more general use, however, for busi. 
ness as well as side streets, and also in the manu- 
facturing districts, where it has to carry very 
heavy traffic. A considerable amount was laid 
last year, and it is yet too early to give definite 
conclusions. Brick paving is also used for steep 
grades on streets that have asphalt paving on the 
level; this is done to give a better foothold for the 
horses. Asphalt paving is quite extensively used, 
and estimates have been prepared for a consider- 
able amount of asphalt and brick paving to be 
laid during the present year. Under the provis- 
ions of a city ordinance, all permanent paving is 
required to be laid on a concrete foundation. 
Round cedar block paving has given very poor re- 
sults, and it is proposed to experiment with 
rectangular blocks of creosoted pine on one of 
the viaducts. The present flooring of the viaducts 
consists of a layer of 3-in. yellow pine planking 
laid upon the stringers, a layer of 2-in. oak planks 
laid transversely, and a pavement of 7-in. cedar 
blocks, giving a total thickness of 12 ins. 

STREET RAILWAYS.—The city has not yet en- 
forced the use of grooved rails, but has a consider- 
able part of its city lines laid with 6-in., 72-Ib. 
T-rails, with a toothing course of granite blocks 
on each side of each rail, between the rail and 
the asphalt, The inner rows of blocks have the 


corners beveled to form a groove, and as the 
blocks are laid upon the concrete, they are not 
liable to be tilted or displaced. The blocks are 
5 x 18 ins., laid alternately as headers and stretch- 
ers, but it is proposed to try the use of blocks 5 x 
8 ins., and 5 x 5 ins., alternately, so as to avoid 
the possibility of any tendency to tilt the long 
stretcher blocks. The street railway company 
pays for the blocks, and the construction is found 
to be satisfactory, although, of course, it is 
acknowledged that grooved rails would be better. 
The Milwaukee Electric Railway & Light Co. is 
contemplating very large expenditures for ex- 
tending its lines and enlarging its power-house 
and car barns. Mr. John I. Beggs is General Man- 
ager of this company. 


SEWERS.—During 1900, about seven miles of 
sewers were built, ranging from 12-in. pipe up to 
the 5-ft. intercepting tunnel which is being built 
parallel with the Milwaukee River. A 10-ft. tun- 
nel is also being built northward from the dam, 
to take the drainage of the northwest section of 
the city. The 12-ft. tunnel for flushing the Kin- 
nickinnic River with water from Lake Michigan 
(in the same way that the Milwaukee River is 
flushed) is now well under way. The tunnel will 
be 7,300 ft. long, and the first section, 3,300 ft., is 
finished. The contract for the second section, 
1,200 ft., has recently been awarded to Meehan 
& Courtney, contractors, of Chicago, at $33.40 per 
ft. They have sunk the first shaft and have 
started the drifts. The work will be mainly in 
clay, but pockets of quicksand will probably be 
encountered. On the first section, the work had 
to be carried on under air pressure for a length 
of 300 ft. The pumping plant will be similar to 
that for the Milwaukee River, consisting of a 
screw propeller pump driven by a high-power en- 
gine. 

WATER SUPPLY.—The city’s water supply is 
taken from a crib in Lake Michigan, and is of ex- 
ceptionally good quality. It is true that all the 
city’s sewage is discharged into the lake, forming 
a black stream in the clear water, but as the lake 
currents are to the south (carrying the sewage 
to Chicago), while the water intake is far to the 
north of the sewer outlet, there is no trouble from 
contamination. No important work is planned in 
this department, but the distribution system will 
probably be extended about 12 miles, the same as 
in 1900. 


GARBAGE DISPOSAL.—Contracts have been 
let for the building for a garbage crematory of 
150 to 200 tons daily capacity, to be erected on 
Jones Island. Contracts are soon to be let for the 
furnaces, which will be on the Engel system. The 
building will be of yellow brick, two stories high, 
80 x 112 ft. in plan. The upper or charging floor 
will be of concrete, laid between steel floor beams 
supported by steel columns on concrete founda- 
tions. There will be four cremating furnaces, 17% 
x 32 ft., each of which will have tanks on the 
charging floor for holding wet or frozen garbage in 
the winter. In the charging floor will be circular 
openings for dumping the garbage into the fur- 
naces. The garbage (with little separation) will 
be collected by wagons in the city, and the wagon 
bodies transferred to scows which will be towed 
out to the plant. This arrangement necessitates 
the use of two sets of bodies or tanks. There are 
two main doors in the front of the building, and 
two sets of overhead trolleys (with 12-in. I-beam 
runways) form horseshoe loops extending from 
one door through the building and back to the 
other door. On these beams will run electric trol- 
leys having two motors, one for a 2-ton hoist and 
the other for propelling the trolley. Each trol- 
ley will have a cage for the operator. At thedoor a 
trolley will hoist a wagon body or tank of gar- 
bage, carry it to the furnace and dump it. It will 
then carry the tank to a disinfecting and cleaning 
apparatus at the rear of the building, and then 
carry it on to the other door and lower it onto the 
scow. 

In the center of the building will be a smoke- 
stack 160 ft. high, with a 25-ft. masonry base and 
a 125-ft. steel shaft, lined with brick. The diame- 
ter at the flues is 8 ft. 8 ins., and four radial par- 
tition walls extend up to a height of 25 ft. above 
this level, so as to prevent conflicting drafts or 
currents, The diameter at the top is 5 ft. The 


building is located close to the sewage pumping 
station, and will be supplied with electric power 
from a generating plant to be installed in that 
station. In the crematory building will be lo- 
cated direct-connected electric pumps, and direct- 
connected blowers for the furnaces. 

TRACK ELEVATION.—This is a problem which 
the city now has to face. Where the Chicago, Mil- 
waukee & St. Paul Ry. and the Chicago & North- 
western Ry. enter the city from the south there 
are numerous grade crossings, and as the land Is 
only 9 or 10 ft. above the water level, depressing 
the tracks is out of the question. The city wisk>s 
to have this piece of line elevated, but the rail- 
ways and a few manufacturers seem to prefe: 
viaducts. These structures would be numerous and 
expensive, and would entail additional expense for 
maintenance and repairs, while elevating the 
tracks would solve the whole problem at onee and 
ensure a permanent work. Chicago has had this 
experience, and is now about to pull down some 
of its viaducts to permit the track elevation to 
be extended. The distance in Milwaukee would 
be about 1,700 ft., beginning at the Kinnickinnie 
River, and the elevation need not be more than 9 
ft., the streets being depressed to give a minimum 
headway of 12 ft., although 14 ft. is considered 
preferable where electric cars are run through the 
subways. In the northeast section of the elty 
(18th ward), the tracks of the Chicago & North- 
western Ry. are to be depressed for about half a 
mile, between Park Place and Lafayette Place. 
The railway requires a headway of IS ft., or 21 ft 
from rail level to street level; and at first proposed 
to depress its tracks only 9 ft., which would re- 
quire the city to raise the street grades 12 ft., and 
to build inclined approaches at every crossing. 
This would make an unsightly profile and awk- 
ward grade, and would also render the city Hable 
for damages for injury to property on each side 
of these approaches. The city takes the view that 
such an arrangement is not permissible, but that 
the tracks must be depressed the full amount re- 
quired, 21 ft., leaving the street grades unaltered 
in most cases. 


THE OPERATION OF THE CASCADE TUNNEL, on the 
Great Northern R. R., is said to be attended with serious 
difficulties, due to defective ventilation. This tunnel, 
opened to traffic on Dec. 15, is 13,500 ft. long and the 
temperature is generally high at all times. A strong air 
current sweeps through it from west to east, and carries 
the smoke and gases from the engine with the train going 
in the same directions, with serious effect upon the train- 
men. As the eastbound trains have an up grade of 200 ft. 
to the mile to overcome, two and some times three en- 
gines are used with heavy trains, and this increases the 
trouble. The authorities are now planning to work this 
tunnel by electric power, and to generate the power the 
flow of water from the tunnel—amounting to 1,250,000 
gallons daily—will be utilized. By carrying this water a 
short distance beyond the west end of the tunnel a fall of 
several hundred feet can be secured. The original plans 
for this tunnel contemplated the use of electric power in 
operating it. 


A CAR USING “SUPER-HEATED WATER" as a source 
of power was exhibited to about 50 guests by the Storage 
Power Co., of New York city, on March 9, when a run 
was made on the track of the New York Central R. R. 
from High Bridge to Van Cortlandt Park and back, a total 
distance of 8 or 9 miles. The car was an elevated railway 
coach, about 35 ft. in length, which had been fitted with 
special motor trucks and storage tanks for the hot water. 
The latter were suspended under the car body and were 
three in number, each about 24 Ins. in diameter and 12 ft. 
long. These tanks are charged with hot water at about 
500° F. at a central station. In operation this water is 
drawn from the tanks in small quantities at a time and 
allowed to partly expand into steam at a pressure of 100 
lbs. per eq. in. This action takes place in a chamber ad- 
jacent to the engine cylinder in which the steam is used. 
The car on the trial trip was provided with a duplicate 
engine on each truck, but only one set of engines was 
used. Motion is transmitted from the crank shaft of the 
engine to the car axle by spur gears. The Storage Power 
Co. was incorporated in 1898 with a capital stock of $5,- 
000,000 for the purpose of working the patents of William 
E. Prall relating to the use of hot water for power stor- 
age. As stated by a representative of the company, the 
above test was for the purpose of showing “‘that the thing 
could be done.’ It is stated that a locomotive will now 
be constructed of suitable capacity for hauling trains 
through the New York city tunnel of the New York Cen- 
tral R. R. 
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Why an American city of over 500,000 popula- 
tion should continue year after year without a 
sanitary sewerage system, it is hard for people 
outside of Baltimore to understand. It is a pleas- 
ure to note that Mr. James Bosley, Health Com- 
missioner of Baltimore, has devoted a portion of 
his last annual report to a plea against further 
postponement of so obvious a sanitary need. A 
committee of local engineers has made two ex- 
tended reports on the subject of sewerage, more 
particularly sewage disposal, but there the matter 
has dropped. Several propositions to grant a 
franchise to a private company have been under 
consideration, but they have not met with general 
favor and have been abandoned. Meanwhile small 
towns and villages all over the land are providing 
themselves with sanitary sewers, leaving Balti- 
more further and still further in the rear. 


> 


Engineers and contractors will be deeply inter- 
ested in the recent decision of the New York Court 
of Appeals, declaring that the State Legislature 
has no constitutional right to require contractors 
for municipal works to pay the so-called “‘prevail- 
ing rate of wages,” and to prohibit any payment 
by a municipality on account of contract work 
where the contractor ignores this provision. The 
court holds that the act deprives both city and 
contractors of all judgment in the adjustment of 
wages on public works; prevents master and ser- 
vant from agreeing on the rate of wages; keeps 
the city from performing its duties and from keep- 
ing within the bounds of constitutional limita- 
tions; compels private individuals to pay exces- 
sive prices for such improvements:as are assessed 
against abutting property; throws the less com- 
petent out of employment, since the poorest la- 
borer, if engaged, must be paid as much as the 


best; and deprives contractors of the benefits in- 
herent in their contracts. 

While the case involved in this decision relates 
to the employees of contractors only, many of 
the principles laid down seem to apply equally to 
employees working directly for the city. As to 
legislative interference in general, the decision de- 
clares that municipalities have some rights that 
legislatures are bound to respect. 

The decision has an important bearing upon 
the much discussed question as to the relative 
economy of the day labor plan and the contract 
system of executing public works. Hitherto in 
New York, both cities and contractors doing city 
work have been compelled to pay the “prevailing 
rate of wages.” Under the new interpretation of 
the law, contractors are freed from this obligation 
while cities are still bound by it. Inasmuch as 
the labor leaders have always favored both the 
day labor plan and the municipal ownership and 
operation of public utilities, they will do well to 
have cities also freed from legal wage restric- 
tions. 


+. 


Report of railway accidents are required to be 
made to the Interstate Commerce Commission by 
a bill enacted during the closing hours of Con- 
gress. The bill requires reports to be made of all 
collisions and derailments and all accidents caus- 
ing injuries to passengers or employees. The 
“nature and causes” of the accident must be stat- 
ed, with ‘“‘the circumstances in connection there- 
with.” The report is not to be made use of as 
evidence against the railway in any suit for dam- 
ages. 

It is hardly clear whether the purpose of the 
bill is merely to enable the accident statistics 
kept by the Commission to be made more com- 
plete, or to enable a technical investigation of 
the causes of accidents to be made. While the 
latter seems to be intended and is undoubtedly 
the direction where the greatest benefit might 
accrue to both the railways and the public, no 
provision is made for an expert staff to the Com- 
mission, which would be necessary to properly 
handle and interpret such reports. 

We have urged ir. past years that some national 
bureau should be empowered to receive reports 
and make expert investigations of railway acci- 
dents, to the end that the lessons which they 
teach might be systematically set forth. Such a 
system has been carried on for many years by 
the Board of Trade of Great Britain with respect 
to accidents on British railways, and more or 
less work has been done in this direction by a 
number of our own State railway commissions. 
The latter work, however, has been inefficient in 
many ways. No State has railway accidents 
enough within its limits to employ a force of high- 
class experts for accident investigation alone, and 
investigations by others than experts do not carry 
the necessary weight. It is to be hoped that the 
new law may be the first step, at least, toward a 
systematic national record and investigation of 
railway accidents. 


That picturesque old bore, the Atlantic-Pacific 
Ry. tunnel, near Georgetown, Colo., was sold by 
the sheriff on March 5 to Jas. E. Ratchford, of 
Syracuse, N. Y., for $4,100. The tunnel was a 
scheme of the late “Brick” Pomeroy, and the 
stock and bonds of the company were sold all 
over the United States and even in Europe, being 
purchased chiefly by people of small means. The 
primary purpose of the tunnel was to tap at a low 
level certain hypothetical veins of gold and sil- 
ver ore which the mountain above was supposed 
to contain; while after completion, it was to serve 
as a railway tunnel, notwithstanding the fact 
that it was located at a point where its value for 
railway use was extremely doubtful. The total 
length of the tunnel was to be about 18,000 ft., 
and it is said that a heading was driven in from 
the east end to about 5,300 ft., without striking, 
however, the hoped for veins of rich ore. 

THE DEFEAT OF THE RIVER AND HARBOR APPRO- 
PRIATION BILL. 

As briefly stated in our last issue, the River and 
Harbor bill, carrying appropriations amounting 
to nearly $50,000,000, failed to become a law be- 


fore the session of Congress closed at ; 
March 4. 

The bill as it left the House of Represen: 
carried total appropriations of about $60(\ 
In the Senate, however, a large number 
items received radical amendment, and t}, 
expenditure was reduced about $10,000,000. 

The action of the two houses was then r 
to a conference committee, which succee 
reaching a settlement upon all the matt 
which the two houses were in disagreeme) 
cept four. These four were Senate amend 
to the House bill. The first provided for th 
ment to a private company of $400,000 fo) 
jetties which the company built about ten 
ago at the mouth of the Brazos River in 
the other three amendments provided for th: 
struction of reservoirs for irrigation purpo: 
the arid states of the West. The House 
lutely refused to accept these amendments, « 
ground that the Brazos River appropriatio: 
a wholly unwarranted use of public fund nd 
that the irrigation reservoir items were the « 
ing wedge for enormous appropriations by ‘he 
government for this class of works. On the ©.) 
hand the Senate was firm in insisting on tos. 
amendments. It will be understood that the rep- 
resentation of the arid land states is much ! r- 
influential in the Senate than in the House. \\ hen 
the last River and Harbor bill was passed, « (|.- 
termined attempt was made to attach to it s me 
provision for irrigation works, and it was only « 
feated by a narrow margin. This year the Sena- 
tors from the arid states were successful in h 
ing the irrigation work grafted upon the Senate 
bill, and they strongly resented its peremptory 
excision by the House. 

Several fruitless attempts were made to breoik 
the deadlock between the two houses, until it |»- 
came evident that if the Senate persisted in these 
four amendments the bill would fail. This was 
the situation on the morning of March 4, and the 
Senate would almost certainly have relinquish 
its amendments and allowed the bill to pass at 
that time had not Senator Carter, of Montana 
then announced his determination single-hand od 
to defeat the bill. 

As our readers will recall, under the rules of th: 
Senate no means exists for compelling the closur 
of debate. As long as any Senator chooses to « 
cupy the floor, therefore, a vote on a pending 
measure cannot be reached. It thus lies within 
the power of any Senator, near the close of a shri 
session of Congress, when the time of final ai- 
journment is fixed by law, to compass the defeat 
of any measure by merely speaking upon it until 
it is too late for it to be put to vote. 

In the debates on March 3, Senator Carter had 
occupied much time in denunciation of the bill, 
and when on the following day the purpose of 
the Senate to recede from its amendments !.- 
came evident, he again declared his belief that 
the bill was a piece of vicious legislation and sai: 


rs 


So believing, I shall do what lies in my power to prev: 
the passage of the bill between now and the hour of 12 
o'clock. The bill will pass if my strength fails me to suc! 
an extent that I can no longer occupy this floor; and I am 
in a pretty fair state of health! 

Senator Carter’s opinion of his oratorical dura- 
bility proved to be well founded. He continue! 
his speech until the hour arrived for the termina- 
tion of the Fifty-sixth Congress, and the River ani 
Harbor bill, with its $50,000,000 appropriation, 
failed of passage. 

There have been many conjectures as to the 
Senator’s motive for this action. It has been sai‘ 
that he represented the irrigation interests, who 
are determined to compel the government to un- 
dertake work in the arid lands, by obstructing ap- 
propriations for navigation work. It has also 
been said that the bill was killed in accordance 
with the wishes of the Republican leaders to re- 
duce appropriations and that Senator Carter was 
merely carrying out instructions. From a care- 
ful reading of his long but very interesting speech. 
however, we are inclined to the belief that he 
acted on his own responsibility and with the sin- 
gle purpose of defeating what he deemed to b 
an extravagant and unwarranted use of public 
funds. 

There is no doubt at #il that very many items 
in the bill were for meritorious improvements 
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which should be earried out. Senator Carter ex- 
plicitly admitted this; his contention was that 
-hese items were so overshadowed by the schemes 
‘or work not warranted by commercial condi- 
tions, and items inserted merely to help some one 
with an axe to grind that in the public interest it 
was better the bill should fail than pass. 

A chief feature of interest in his remarks was 
his indictment of the manner in which the bill 
was made up. We quote extracts from his speech 
as follows: 


The basis on which this bill and all river and harbor 
nills for a dozen years have been constructed is vicious 
Any Senator who will carefully read this bill and the re- 
sort on which it is based will inevitably be driven to the 
conclusion that the bill is framed, constructed and com- 
nleted upon the despicable principle of division and 
silence. ® 

* * *® You will find that the whim of a member, the 
demand of a constituency in a locality, rather than the 
serious engineering aspects of the case has constituted the 
rule of action, 

This bill has become known in-the most remote corners 
of the United States, as the pork bill of Congress. Every 
man who has a piece of pork in the bill is expected to 
keep his mouth shut, and to square his conscience with 
his duty under his oath as best he can. This bill will fail 
i'n each Congress in which it is brought up in the future, 
in my humble judgment, unless correct principles of legis- 
lation are employed in the preparation of the bill, and it 
should fail. Nine-tenths of the items are without merit, 
without justification. 

Men have stcod mute upon this floor during the present 
session of Congress, if I judge correctly, because they 
wished to get things out of the way of the river and har- 
por bill. The honest convictions of members have frozen 
on their lips because they had some trifling river appro- 
priation or some little harbor snap in the river and har- 
bor bill which they wished to bring home to their dis- 
triets and deliver to their constituents. 

You will find these items, generally speaking, not based 
upon the merits of the respective cases, but generally upon 
the number of members of Congress from the state. There 
are about 36 members from New York. I warrant you will 
find about 36 items in the bill for the state of New York. 
If you look over the electoral college and determine the 
number of electoral votes from a state, you can tell about 
the number of items and the aggregate amount of the 
items, judged by general proportions, to be found in the 
river and harbor bill. It does not make any difference 
whether there is a foot of water or 6 inches of water or 
no water at all in the river in the state, the appropria- 
tion goes there by common custom. 

Senators upon the committee will say that these little 
rivers are of some value in a commercial sense, but I 
know of my own knowledge that appropriations were made 
steadily for the improvement of the Yellowstone River in 
Montana for about twelve years, the sum of $1,600 being 
appropriated each year, I presume to satisfy the delegate 
from that territory. There had not been a boat up that 
river for ten years before, and there never will be a boat 
upon the river. The water will all ultimately be taken out 
for irrigating purposes along the bench lands contiguous 
to the streams. In 1876, about the time of the Custer 
massacre, the last boat went up the Yellowstone River. 
For twelve years from 1876 appropriations were steadily 
made in the river and harbor bill for the improvement of 
the Yellowstone River. Who did the work, how the money 
was expended, no one knows. The country was not set- 
tled, and I suppose the boys went out there and, finding 
the fishing pretty good, remained along the stream im- 
proving the navigation. 

The Mississippi River has been cited as a great highway 
of commerce, and yet, Mr. President, with all the millions 
upon millions of money spent upon that river, notwith- 
standing the fact that the current flows freely and con- 
tinuously, the railroad running by the riverside carries 
the freight and carries it cheaper and quicker than the 
boat running upon the river can carry it. The disappear- 
ance of commerce on the Mississippi and upon all rivers 
in the country can be accounted for by the fact that the 
improvement in railroading has enabled the railroad peo- 
ple to carry a ton of freight a mile for less money than 
it can be put upon the steamboat, taken off, and carried 
between the two points. 

Tt is suggested that the river constitutes a regulation of 
freights. The perishing—practically—of the towns along 
tthe Mississippi River, with a few exceptions, constitutes 
a standing contradiction to that statement. There is no 
competition by the river with the railroads. As illus- 
trating that, the city of Ottumwa is about 60 miles from 
Burlington, Iowa. Burlington is on the Mississippi River. 
A carload of grain will be carried from the city of Ot- 
tumwa to the city of Chicago, 186 miles northeast of Bur- 
lington, for less money than it will be dropped off at Bur- 
lington. Why? Because the railroads discriminate in fa- 
vor of the railroads and against the river transportation. 
The river transportation constitutes no check. The Illinois 
Central road, running up and down the Mississippi, carries 
the freight, There is only a boat now and then. * * * 


One word in closing, about the engineers of the army. 
It rarely occurs that an engineer of the army reports ad- 
versely upon any project he is directed to survey. In my 
humble judgment therein rests much of the difficulty con- 
nected with the preparation of this bill. From time im- 
memorial, throughout the whole history of the army of the 
United States the Engineer Corps has justly held and has 
always been entitled to the entire confidence of the coun- 
fry. This confidence has been abused only in very rare 
cases. The engineers are generally exacting, and pos- 
sibly in some cases unjustly jealous of the government's 
interest in enforcing stringent regulations and clauses in 
contracts. It so happens, however, that in the surveys of 
proposed improvements of rivers and harbors the feeling 
of good fellowship in some manner or other intervenes to 
such an extent that the engineer in reporting softens the 
truth to the very best of his ability. 

So the engineer reporting on Trinity River passed by 
the artesian well arrangement. He passed by the burning 
of logs in the middle of the stream during the dry weather 
in the channel, and he said that this thing could be done 
for about $4,000,000, and he itemized the expenditure. 
That report was made because the engineer in charge did 
not desire to hurt the feelings of the member of Congress 
in that district. 

I imagine that that good fellowship which makes the 
world akin softened down that report. It seems to me, 
upon reading the report of the engineer, taking the plain 
facts as stated by him, it was his clear duty to directly and 
emphatically and in no uneertain terms condemn this 
project as not being feasible from an engineering point of 
view. As the Senator from Maryland suggested, a rail- 
road could be built along the banks of this crooked little 
stream for half the money it would take to clear the 
timber from the hillsides, clean the river, burn the logs, 
put in dams and locks to hold the water raised from 
artesian wells. 

Mr. President, I trust that this criticism, certainly 
meant in good part, may find lodgment in the mind of 
every engineer henceforth sent out to conduct a survey 
and an examination. No engineer would have tolerated a 
favorable report upon the Trinity River project, or a 
hundred other of these projects, for a private person. If 
he had reported to some railroad company that that was 
an investment that could be considered, he would have 
been immediately dismissed from the service as a person 
incompetent or lacking in strength of character to tell the 
truth when he saw it. 

The criticism I have made of the engineers in this be- 
half is not intended to be unkind, nor do I wish it under- 
stood in this closing hour of the session that any remark 
I have felt called upon to make in connection with the 
consideration of this bill has been intended to reflect upon 
any member of either House. I have from the beginning 
attempted to show that this collection of matter known as 
the river and harbor bill emanated from a system inher- 
ently vicious and destined always to lead to an evil result. 

It is the system of swapping—not in a wrongful sense— 
but in the sense of good fellowship in part, and through 
a desire to get legislation worked along and made success- 
ful. Thus it is that the larger items are diminished below 
the proper degree, that the smaller items may be provided 
with something. Where you camnot do anything better for 
a district, throw a thousand dollars up there to try to 
improve a stream that never can be of any value for com- 
merce. 


These plain statements as to the method by 
which river and harbor appropriation bills are 
made up merit serious consideration. The evil 
undoubtedly exists—perhaps not to so great a de- 
gree as Senator Carter claimed, yet to a degree 
that makes it doubtful whether the harm done 
by the failure of meritorious projects in this year’s 
bill is not more than balanced by the retention of 
money in the treasury that would have been 
wasted had the bill passed. In the Senator’s re- 
marks, however, it seems to us that he did not 
touch the root of the difficulty, nor point 
out the remedy for it. Is it not a fact that the 
people themselves are more to blame than either 
their representatives in Congress or their engi- 
neers? When boards of trade and other public 
bodies unite in urging that this or that or the 
other improvement shall be undertaken at gov- 
ernment expense, is it reasonable to expect their 
Representative or Senator to tell them that the 
work would not be of sufficient benefit to warrant 
its cost? If such a Congressman were found he 
would doubtless be replaced at the next election 
by some one who was “willing to work for the in- 
terests of his district.” 

So, too, with the engineers. Their position is a 
much more difficult one, we believe, than is gen- 
erally appreciated. It is no light matter for them 
to antagonize public sentiment in the district 
where they are located. To say that this or that 
or the other improvement which the newspapers 


have agitated until public interest in it is aroused, 
and which has the backing, very likely, of promi- 
nent commercial organizations, is by no means 
an easy or pleasant thing for an engineer officer 
to do. It is all the more creditable, therefore, that 
many officers do have the courage to condemn 
certain projects as unworthy of consideration. The 
unfortunate fact, however, is that such brave and 
honest reports are frequently ineffectual! The 
pernicious logrolling system, which Senator Car 
ter has so well set forth, takes little account of 
merit or demerit in a project. Senator So-and-So 
and delegations from this or that or the other city 
urge that this or that scheme be shoved into the 
bill and in it goes, regardless of a report of the 
engineer against it. With this state of affairs it 
is little wonder that many an engineer officer de- 
cides it to be easier to go with the tide, since an 
endeavor to stem it is fruitless and only yields 
him personal discomfort. 

But the query returns, What can be done to bet- 
ter present conditions? A few years ago a River 
and Harbor bill which carried $20,000,000 was 
deemed cause for public alarm. The “continuing 
contract” system of work has since been inaugu- 
rated under which a large part of the work on 
river and harbor improvement is provided for in 
the Sundry Civil Appropriation bill. This year for 
example, over $7,000,000 was appropriated for 
river and harbor work in the Sundry Civil bill; 
yet as stated above, the additional work provided 
for in the River and Harbor bill which failed 


amounted to $50,000,000 to $60,000,000. Cer 
tainly a halt must be called somewhere. Waste 


of money on unproductive works is more than a 
fraud upon the taxpayers. It is a direct cause of 
financial panic and seasons of hard times. The 
demand for economy in public expenditures, 
voiced by the President in his inaugural message, 
is one that is bound to be heard more and more 
insistently during the next few years. The gov- 
ernment has responsibilities for the maintenance 
of navigable waterways which it must meet; and 
these just responsibilities must not be imperiled 
by an extravagant assumption of huge schemes 
for works unwarranted by commercial conditions 

The question is then, Where shall we turn to 
find an authority wise enough and strong enough 
to rule as to what works are worthy of govern 
ment appropriations. It is absurd to think that 
Congress can do this. The task is beyond its 
physical powers, and the whole thing in its hands 
has degenerated into a logroiling game. The local 
engineers have at present not sufficient freedom 
from local pressure and cannot wield sufficient 
influence to prevent Congress from overriding 
their recommendations. 

The only road out of the difficulty which we 
can perceive would be the appointment of a per- 
manent commission to have charge of all the 
works for navigation improvement undertaken by 
the government and to be especially empowered 
to pass upon the merits of every project before 
presenting it to Congress. With such a commis- 
sion properly constituted, its recommendations 
should carry such weight that pressure would not 
be exerted on Congressmen to override them. 
Moreover, even if such pressure were exerted, the 
Congressman could fall back upon the recom- 
mendations of this commission, and the eternal 
demands upon Congressmen to “do something for 
their district” would be in some measure re- 
moved, 

It happens that in the very bill which has just 
been defeated provision was made for the crea- 
tion of some such body as we have suggested 
above, and we quote this section of the bill in 
full as follows: 

Section 3. That there shall be organized in the office of 
the chief of engineers, United States army, by detail from 
time to time from the Corps of Engineers, a board of five 
engineer officers, whose duties shall be fixed by the chief 
of engineers, and to whom shall be referred for consid- 
eration and recommendation, in addition to any other 
duties assigned, so far ag in the opinion of the chief of 
engineers may be necessary, all reports upon examinations 
and surveys provided for by Congress, and all projects or 
changes in projects for works of river and harbor im 
provement heretofore or hereafter provided for. And the 
board shall submit to the chief of engineers recommenda 
tions as to the desirability of commencing or contindtog 
apy and all improvements upon which reports are re- 
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quired. And in the consideration of such works and 
projects the board shall have in view the amount and 
character of commerce existing or reasonably prospective 
which will be benefited by the improvement, and the rela- 
tion of the ultimate cost of such work, both as to cost of 
construction and maintenance, to the public commercial 
interests involved, and the public necessity for the work 
and propriety of its construction, continuance, or main- 
tenance at the expense of the United States. And such 
consideration shall be given as time permits to such works 
as have heretofore been provided for by Congress, the same 
as in the case of new works proposed. The board shall, 
when it considers the same necessary, and with the sanc- 
tion and under orders from the chief of engineers, make, 
as a board or through its members, personal examinations 
of localities. And all facts and information and argu- 
ments which are presented to the board for its considera- 
tion in connection with any matter referred to it by the 
chief of engineers shall be reduced to and submitted in 
writing, and made a part of the records of the office of the 
chief of engineers. It shall further be the duty of said 
board, upon a request transmitted to the chief of engineers 
by the Committee on Rivers and Harbors of the House 
of Representatives, or the Committee on Commerce of the 
Senate, in the same manner to examine and report through 
the chief of engineers upon any projects heretofore adopted 
by the government or upon which appropriations have 
been made, and report upon the desirability of continuing 
the same or upon any modifications thereof which may be 
deemed desirable. 

The board shall have authority, with the approval of the 
chief of engineers, to rent quarters, if necessary, for the 
proper transaction of its business, and to employ such 
civil employees as may, in the opinion of the chief of en- 
gineers, be required for properly transacting the business 
assigned to it, and the necessary expenses of the board 
shall be paid from allotments made by the chief of engi- 
neers from any appropriations made by Congress for the 
work or works to which the duties of the board pertain. 


We believe that this simple proposition—which 
unfortunately fails with the bill of which it formed 
a part—offers greater possibilities of reform in 
the conduct of the government’s works for the im- 
provement of navigation than any measure since 
the “‘continuing contract” system was established, 
and it might even outrank that in its public bene- 
fits. 

It seems incredible, and yet it is a fact that with 
all the hundreds of millions which the govern- 
ment has spent on the improvement of water- 
ways, no such thing as a definite plan for the 
works as a whole exists or has ever been made. 
The policy of the government is wholly undefined 
and the decision whether a particular work has 
been undertaken or not has simply depended on 
the question whether there was influence enough 
to secure an appropriation, and whether there 
was “pork” enough to go around. 

It is time a halt was called. Some definite in- 
vestigation and determination should be made of 
the government’s policy in the matter. It is ab- 
surd to suppose that every river in the country 
with water enough to fill a lock is eventually to be 
made into a system of slack water navigation at 
government expense. It, is equally absurd to sup- 
pose that at every possible site on the Atlantic 
and the Pacific, the Lakes, the Rivers and the 
Gulf, the government is eventually to dig out 
and maintain a harbor. Work on such a scale 
would make the nation bankrupt; yet this is ex- 
actly the result to which the present system of 
letting local demands and local influences swell 
the total of the nation’s expenditures directly 
tends. 

In some of its details the plan proposed may be 
criticised. It would seem to us, for example, that 
a larger body, constituted partly of civilian engi- 
neers and made more independent of the chief of 
engineers, would carry greater weight with the 
public and would be less likely to be overruled. 
Yet any system of any sort is infinitely preferable 
to the present happy-go-lucky plan of framing 
river and harbor bills. 

Finally, as we have said above, we cannot judge 
as to the comparative weight of public injury and 
public benefit which the defeat of the recent River 
and Harbor bill will cause. If the vigorous speech 
which killed the bill, however, shall direct public 
attention to the iniquities of the present system, 
or lack of system, and shall eventually lead to 
the establishment of an expert body for fixing 
government policy and practice in the improve- 

ment of waterways, Senator Carter’s long-distance 
speech will have achieved its greatest measure of 
benefit. 


LETTERS TO THE EDITOR. 


Measuring the Magnifying Power of Telescopes. 


Sir: In your issue of March 7, I noted with interest Mr. 
William Nelson’s description of a method of determining 
the magnifying power cf telescopes. 

It might interest those who try it without the photo- 
grahic attachment, to know that the use of a reading glass 
in observing the eyepiece for the appearance of the gage 
across the field will prove a great help. I have also found 
it easier to pass a fine stick (toothpick) across the center 
of the objective till the point appeared just in contact 
with the edge of the field, the stick appearing as a bar 
across the circle of bright light. The regular vernier 
reading glass used at the ocular makes it very easy to 
note when the gage has passed exactly across the aperture. 
Take the diameter of the bright circle of light in the eye- 
piece, using the reading glass and a pair of hair-spring 
dividers; then apply the latter to a fine scale. 

I believe this method will be found nearly as accurate as 
the ingenious photographic one described by Mr. Nelson. 

Truly yours, H. Van Duzee. 

427 Walnut St., Philadelphia, March 11, 1901. 


Mending Steel Tapes. 


Sir: I have been interested in the several articles that 
I have seen in the Engineering News on the repair of 
steel tapes. Permit me to say that I have used and re- 
paired steel tapes and the chain tape for a number of 
years, and that my repair kit is so cheap and handy that I 
repair all of my tapes in the city rather than go to the 
trouble of taking them to the shop, and always take my 
repair kit into camp with me. My repairs are made with 
the aid of a couple of blocks of wood, a darning needle 
and a few pins in the following manner: Drive a darning 
needle through a small block of wood; break off both 
ends, so that they project a little beyond the wood. You 
then have a smal] punch, supported through nearly its 
whole length by the wood. With this punch four holes in 
each end of the broken tape; and through these holes 
punch corresponding holes in the small piece of tape you 
use to rivet the ends together. As you punch each hole 
thread a large pin through the hole, saw it off with your 
jack-knife and rivet it down; then proceed with the next 
in the same way. The whole job will not take as long 
as it has taken to write this. Sincerely yours, 

Topeka, Kan., March 4, 1901. P. L. Wise. 


Concerning the I. H. Jewell Filter Co. 


Sir: We have repeatedly had called to our attention 
the fact that Ira H. Jewell, of Chicago, Ill., represents 
himself as being identified with the Jewell filter, and also 
represents himself as being backed financially by his 
father, O. H. Jewell, of the O. H. Jewell Filter Co., of 
Chicago. We called Mr. O. H. Jewell’s attention to the 
matter, and he makes the following statement, which we 
wish you would give as prominent a place in your paper 
as possible: 

Chicago, Ill., Feb. 20, 1901. 

To Whom it May Concern: 

It having frequently come to my notice that Ira H. 
Jewell, my son, is representing himself as identified with 
the ‘‘Jewell Filter,"’ manufactured by the O. H. Jewell 
Filter Co. and with myself as his financial backer, I find 
it necessary to publicly state that the said Ira H. Jewell 
has had no connection whatever with the O. H. Jewell 
Filter Co. since selling his stock interest therein over one 
year ago, and never with its successors in the filter busi- 
ness, the New York Continental Jewell Filtration Co.; 
nor has he any business relations with me of any descrip- 
tion. 

Any statements of his, or those of his representatives, 
that he is authorized to do business of any sort for the 
O. H. Jewell Filter Co., or its successors as above, are 
unqualifiedly false and without foundation: and if made, 
are done so with the deliberate intention to deceive. 

(Signed) Respectfully yours, 

O. H. Jewell, Western General Manager, N. Y. Continental 

Jewell Filtration Co. 

We would call the attention of those interested in filters 
to the name of Ira H. Jewell’s company, the I. H. Jewell 
Filter Co., as it is so much like the 0. H. Jewell Filter 
Co. as to be misleading. The I. H. Jewell Filter Co. has 
no connection whatever with the O. H. Jewell Filter Co., 
or the New York Continental Jewell Filtration Co., nor 
the Standard Jewell Filter, which we manufacture and 
sell and the patents of which we control. Yours very 
truly, N. Y. Continental Jewell Filtration Co., 

Geo. E. Burroughs, Secretary. 

Mills Building, New York city, Feb. 26, 1901. 


Rapid Earthwork Calculation. 


Sir: Referring to the correspondence on ‘‘Rapid Earth- 
work Calculation’ in Engineering News of March 7, 1901, 
the writer desires to make one correction and two ex- 
planations. Mr. Gillette insists that the prismoidal formula 
is incorrect in some cases and cites Henck’s ‘‘Field Book,”’ 
p. 110, in proof. That citation is unfortunate. The il- 
lustrative example there used does not show the prismoidal 
formula to be inaccurate, but shows the method of equiva- 
lent level sections to be inaccurate. Henck says the same 
thing explicitly on the same page. The prismoidal for- 
mula will give the same result as Henck’s if consistently 


used. But in computing midsections for the prism 
formula it must be remembered that Henck’s formy 
based on the assumption that the surface is compose | 
plane triangles and not warped surfaces. Midsection« 
more easily computed if the surface is warped, but j: 
done, the results will sometimes be larger and some:: 
smaller than by Henck’s method. In other words, 
formulas, both of which are correct, must not be exp: 
to give the same results unless applied to the same « 

The writer's reply to the last clause of Mr. Gille 
second paragraph is that he would not use the prism: 
formula, but the mean areas formula with prismoida! . 
rection formula. The prismoidal correction formula j 
arranged that inspection will determine whether it p 
to be used. If either factor (co — ¢,) or (Do — Dj) is z 
the correction is zero; if both are small or one is \ 
small, the correction is small and one can quickly de 
whether to compute it or to neglect it. 

As to tables ‘‘prepared for any form of cross-sectio: 
the writer should, it seems, have explained more fu! 
The tables meant were such as Crandall’s or Allen's, ¢ 
ing volumes of triangular prismoids by mean areas { 
mula, and prismoidal corrections for the same. By us 
these, mean areas volumes or exact volumes may be fou 
as desired. These tables are applicable to irregular wo 
by subdividing the sections. Mr. Gillette also subdivid 
the sections, but loses part of the advantages of tables 
he employs his correction formula instead of the ordina: 
one. All that was said about tables in the previous com 
munication as to speed, accuracy and necessity for plottin. 
is still claimed to be true. If plotting has to be done fo 
other reasons, as suggested by Mr. Gillette, the plotte: 
sections may be used for convenience, but they are no: 
indispensable. Wellington's Diagrams may be used in 
similar way on irregular work. Yours truly. 

Granville, O., March 9, 1901. W. H. Boughton. 
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Franchises for Electric Railways on Country Roads. 


Sir: I believe that such franchises as your correspon- 
dent, Mr. Kirk, sugg2sts (Eng. News, Feb. 28, p. 153), 
would not be salable, yet their value largely depends upen 
the physical character of the country over which it ex- 
tends, and the population and commercial importance of 
the cities along the lin2. 

In a rough or rolling country where the railway is com- 
pelled to follow the grade of the highway a big item of 
experse must be allowed for coal bills and breakage o! 
machinery. 

It is not the farmer nor yet the merchant to whom th: 
electric railways look for the most support and patronage, 
but it !s the pleasure seeker. A right of way along a 
public highway, subject to the dust of every passing team, 
and the constant expense of repairs upon the public road, 
added to other disadvantages, would, it seems to me, have 
a depressing effect upon the salability of such a franchise. 

Yours truly, W. C. Statler. 

Mansfield, O., March 4, 1901. 


Sir: I am much obliged to you for inserting the notice of 
my proposed Pennsylvania road law (Eng. News, Feb. 28, 
p. 154), in which you ask a very important question: 
“Would such franchises as our correspondent suggests, 
be salable.’’ This is a question to which I have given 
a great deal of attention, and on which I have consulted 
with the best practical engineers. They all agree that if 
such roads are made 60 ft. wide and not steeper than 3% 
grade and the trolley lines are not required to pay any 
rent during the first three years, but the fotal rent is to 
be divided into 17 annual payments, there will be no 
doubt the franchises will sell at a big margin above cost. 
Section 30 provides that no rent shall be collected during 
the first three ycars of the lease, so as to give the lessee 
a chance to get into operation. Farther, Section 31 says: 
“It shall be the duty of the State Chief Engineer to, as 
soon as possible, secure universal free postal delivery of 
all mail matter over the stafe of Pennsylvania.”’ This will 
be a source of revenue to the trolley line at the start. 

In making the above-described 60-ft. highways, it is be- 
lieved that large beds of valuable minerals will be dis- 
covered. There is no doubt that the Ligonier bluestone 
extends over thousands of acres; and as that is considered 
the best road metal we have in the United States, there 
will be a great business ready for the trolley lines to 
move crushed Ligonier to ballast the trolley line roads, 
and after that is done there will be thousands of tons 
needed to keep country roads in order. In view of all the 
above, I feel confident that the lease of the highways will 
sell at a premium above their cost. 

Yours respectfully, 

Pittsburg, Pa., March 8, 1901. 


Arthur Kirk. 


a 


The Cassel Self-Governing Impulse Water-Wheel. 


Sir: I have read with interest in your issue of Dec. 
27 an article on a ‘‘Self-Governing Impulse Water-Wheel” 
invented by Mr. Cassel. Permit me as a critic to review 
and comment on the wheel and governor. I am particu- 
larly interested in the matter, as the subject of water- 
wheels has absorbed much of my serious thought for the 
last two years in connection with the Snoqualmie Falls 
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Power Co., whose plant was described and illustrated in 
your issue of Dec. 13, 1900. 

It appears on the face of it as though a good water- 
wheel were sacrificed in order to make a poor goyernor. 
it is presumed that at one sweep this new design is to re- 
place the highest types of wheels and governors which 
are the evolution of years of constant thought, experiment 
and practice of a noted array of Swiss and American en- 
gineers. Permit me to state briefly why in my opinion the 
new model fails in being a good wheel: 

1. The greatest weakness in any impulse wheel is the 

entrifugal effort of the buckets to fly off. Mr. Cassel has 
split his buckets and each half bucket becomes an in- 
dividual bucket with the stream glancing on the side ot 
it. There is a constant effort of the stream to twist the 
bucket from the rim and the design allows no provision 
for flanging the bucket in order to straddle the rim and 
so admit of bolting on. 

2. Being a one-sided bucket with the stream striking on 
the side, there is the constant effort to wrench the wheel 
itself out of the true plane in which it should revolve per- 
pendicular to the shaft. In a practical working plant this 
will undoubtedly rack the wheel in time and it will not 
run true. One of the first points in water-wheel construc- 
tion, and one of the most difficult to achieve, is to have 
the wheel run absolutely true to the stream center and to 
maintain this condition. 

8. The design of the buckets is such that the stream 
will to a large extent reverse itself upon the wheel itself, 
striking upon the back of the succeeding buckets and 
thus destroying the efficiency of the wheel. 

4. The design of the housing is not ample enough to 
discharge the water. Our experience here leads me to at- 
tach great weight to this criticism. The Cassel design of 
housing will mean that the stream will follow the buckets, 
going round with the wheel, filling the housing and cut- 
ting into the stream again. This drowning lowers ef- 
ficiency. 

5. As a whole it is complicated, has more working 
joints, is mechanically weak, and is more expensive. 

6. Because of not being rigidly set upon the shaft the 
wheel will not remain in true precision under practical 
work, but will slide out of position with respect to the 
stream either one way or another along the shaft. 

Permit me also briefly to state my reasons why the gov- 
ernor aS a governor is not an improvement upon common 
practice and in fact under high heads and heavy loads in 
a practical working plant will not work out its purpose 
at all. As a model or a toy the Cassel wheel is interest- 
ing, but practical hard experience will justify the fol- 
lowing criticisms of the governor: 

1. Parficular attention is called to the fact that Cassel’s 
is a self-governing wheel. This is true of governing in 
general, except that Cassel places his mechanism within 
the wheel, subjecting it to the disturbing and destructive 
action of the water, while other governors are placed with- 
out the wheel, where they can be cared for, protected and 
lubricated. In both cases the wheel itself actuates the 
governor and the two are essentially one machine. 

2. When the wheel is closed the stream is split by the 
dividing wedges. The action of the stream is directed to 
keep the wheel closed, due to the splitting wedges which 
cut into the jet in such a manner as to draw the two half 
wheels together. The effort of the governor to separate 
the half wheels at this point must be enormous, whereas 
the effort of the governor to further separate the half 
wheels grows less and less as they separate. In other 
words, there is a variable condition of stress existing 
which sets up an uncertain and inconstant element in the 
regulation. 

3. The wheel must not be too loose on the shaft, nor can 
it be set too tight on the shaft in order for the Cassel 
governor to work. This introduces the element of friction 
on the shaft and this element is a variable quantity. With 
the buckets closed and the full stream on the wheel the 
pressure on the shaft is much greater than when the wheel 
is open so that the frictional conditions are variable ac- 
cordingly. Because of the two foregoing reasons the gov- 
ernor mechanism is never in balance, a situation opposed 
to elastic operation and sensitive regulation. 

4. These variable conditions cannot help but set up 
“hunting,”” which is a very objectionable feature when it 
enters into the speed regulation. With an outside gov- 
ernor of the relay type, such as for instance the Lombard 
governor, this disorder does not exist. 

5. The power of the wheel is transmitted through the 
governing mechanism, the most sensitive feature of its 
construction. This is an absurd theory to build upon. It 
would be quite as reasonable to build a steam engine on 
the same principle and have the effort of the steam trans- 
mitted through the governing mechanism to the driving 
pulleys. 

6. Being in contact with the water at all times and 
housed up out of the reach of the attendant, the govern- 
ing mechanism will be subjected not only to the rusting 
action of the water, but to the erosive effect, which in 
water of a gritty nature would very soon destroy the 
whole affair and would at least destroy the sensitiveness 
of it. I have visited many plants where this erosive ac- 
tion wears the buckets eut continually. It adds a new 
complication where, in addition to the wheel being worn 
out, the governing apparatus itself must suffer. 

Is there any difference in taking the wheel off the 


stream, as Mr. Cassel does, or taking the stream off the 
wheel, as the modern wheelmakers do? The conditions 
are similar. However, is it not better to manipulate the 
simplest part of your apparatus; that is, the nozzle and 
stream itself, rather than the most vital and complicated, 
the wheel revolving with the shaft? I am of the opinion 
that Cassel’s features introduce unnecessary complex prob- 
lems. 

We have succeeded at Snoqualmie Falls in obtaining 
regulation on the 2,500-HP. water-wheel sets within 1%. 
The wheels themselves are ponderous affairs, keyed sol- 
idly upon powerful shafts, and the buckets are bolted 
through and through on the solid rims. We have had to 
take every precaution to maintain the wheel in a central 
position to the stream center and to keep the buckets on 
the wheel. Our governor is outside of the wheel housing, 
entirely free from all disturbing and destroying influences. 
It is actuated directly by the shaft to which the wheels are 
keyed. It acts directly and instantaneously upon the 
valves. It responds simultaneously with the varying 
changes of load and the speed is maintained constant. It 
is under the eyes of the attendant where it may be cared 
for and lubricated. It is as fine a piece of apparatus as a 
Swiss watch and has almost human intelligence. No me- 
chanica] regulator can be perfect because it lacks this 
human intelligence and the faculty of foreseeing the 
change of load in advance. In any governor the load 
must actually change for the governor to act, and no gov- 
ernor except a human being can anticipate a change of 
load. Charles H. Baker, 

President Snoqualmie Falls Power Co. 

Seattle, Wash., Jan. 19, 1901. 


> 
The Relative Merits of Garbage Cremation and Reduction. 


Sir: I note the use of my letter in your issue of Feb. 
14 and I am pleased to have in a small way contributed 
to your editorial on garbage disposal. I send you a copy 
of the report of the Department of Health of Chicago for 
1897-8. On page 27 of the report I think you will find 
the scientific data, the lack of which you lament in your 
editorial. 

You very wisely refer to the ease with which investors 
are attracted to the various plans for reduction of garbage, 
and the equally attractive story of the promoter of fur- 
naces that will burn ashes, garbage and everything with 
which they are fed. You rightly infer that the finishing 
argument that cannot well be withstood is the easy hope 
that is held out of receiving a bonus from cities. Vast 
amounts have been sunk in various schemes, yet a fresh 
crop of investors come to the front at regular intervals. 

The Engineering News has frequently referred in its 
columns to the plant for burning garbage, and securing 
the value of the heat units, in operation at Shoreditch, 
one of the vestries of London, Eng. An impression seems 
to have grown somehow in the minds of many Americans 
that the value received in electric light pays all the cost of 
burning. Mr. H. E. Kershaw, J. P., Mayor of Shoreditch, 
has kindly placed in my hands an abstract of accounts of 
the Shoreditch plant for the year ended March 25, 1900, 
from which Mr. E. Allen Frost, Deputy Comptroller of 
Chicago, has given me the following analysis, under date 
of Feb 4, 1901: 

Sir: Referring to your letter of the 31st ult., enclosing 
a report from the Shoreditch Dust Destruction Plant, and 
stating that it has been frequently reported that this 
plant burns up the garbage of the vestry of Shoreditch, 
and that the combustion furnishes power for the electric 
lighting plant, and requesting me to examine the state- 
ment and advise you briefly as to the effect of the same, 
you are respectfully advised that I have carefully ex- 
amined the statement submitted and find— 


That the erection of the dust destructor cost, up to 
March 25, 1900, $118,945. 

Operation for the year ended March 25, 1900: 
Total cost of operation and maintenance.... 

Receipts for year ended March 25, 1900: 
For destruction of trade refuse and cash sales $860 
For steam provided public baths and public 


$29,155 


$5,536 


This makes a total cost over income.............. $23,620 
From the above it is quite evident that the dust de- 

structor does not pay operation and maintenance ex- 

penses, to say nothing of interest on the capital invested. 

I might say that the statement furnished me shows a 
loss less than $23,620 by charging the scavenging depart- 
ment approximately $12,500 for destroying refuse. This 
is not a proper item of income, however, when considering 
the question as to whether the dust destructor is self- 
supporting. The above statement seems to answer so 
far as this particular plant is concerned pretty strongly 
in the negative the proposition that the Shoreditch Garb- 
age Destructor pays for itself and interest on the money 
invested in the heat units developed from the garbage 
destruction. The original papers are herewith returned 
you. 


In 1898 the Chas. Turner Co., of this city, erected a 
building for the reduction of garbage as a business in- 
vestment, at a cost, it is claimed, of less than $50,000. It 
is further claimed that it could be duplicated at the pres- 
ent time very much cheaper. The capacity is 100 tons of 
garbage a day. 

During the year 1900 Mr. Turner claims that his com- 
pany treated at this plant 10,698 tons of garbage received 
from private scavengers, and extracted from it commercial 
products to the gross value of $29,424. He invites inspec- 
tion, but does not claim to have made any money, as he 
has been unable to get but an average of about 35 tons 


IOI 
a day, but has paid all expenses and has a small margin 
left towards interest on the investment. He adds, how- 
ever, that if he could receive 100 tons of garbage a day 
the plant would yield a handsome profit upon the invest 
ment. The company claims it has no patents, but simply 
submits the garbage to the rendering tanks, extracting 


grease of a low grade and a residuum that has a market 
value from which to manufacture a fertilizer 

As shown on page 30 of the Report of the De- 
partment of Health, 1807-8, the amount of garbage pro 
duced in Chicago is about 425 tons per day, which, accord- 
ing to the figures of Mr. Turner, would make the value of 
the total daily garbage output of Chicago $1,141, and the 
value for one year $416,000. Whatever the value may 
actually be, it is plain that it must be included in com 
puting the cost of final disposal by cremation. 

I am not yet advised as to the character of the garbage 
or the quantity destroyed by the Shoreditch plant. We 


must bear in mind, however, that it cost $118,945, and 
that for one year there was a deficit of $23,620 in its op 
eration. A comparison, however, between these two 


plants, one giving us the example of the utility of burning 
and the other fairly representing the utility of reduction, 
will doubtless furnish the reason why most municipalities 
in the country prefer the reduction process to the process 
of cremation to which you refer in your editorial, and 
will also explain, at least in a measure, the reason why 
it is difficult to get at the figures of the cost of reduction 
while the plants are owned by private individuals 
Very truly yours, Arthur R. Reynolds, M.D., 
Commissioner of Health. 

Chicago, Ill., Feb. 23, 1901 

(It seems to us that the figures given by Dr 
Reynolds, in the official report mentioned at th: 
opening of his letter, illustrate the very lack or 
scientific data which we deplored. He introduces 
these figures by calling attention to “the wide 
disparity in the quantities and in the commercial 
values of the utilizable products of the various 
reduction processes in different localities.” Then, 
after basing an estimate of the per capita garb- 
age production in Chicago on an everage Af 
records for the year 1895 in a few other cities, he 
shows that the gross value of grease and tankage 
for one year in Chicago would be $281,100 by the 
least productive process, $504,710 by the most 
productive, and $392,905 by an average of all 
processes. He then says he “was unable to ob- 
tain any authentic data of the relative cost of 
operating the various plants in the cities visited.” 
The figures used in the calculations appear to 
have been taken from the report by the late Col 
Geo. E. Waring, Jr., and others, on “The Fina: 
Disposition of the Wastes of New York,” ab- 
stracted in our issue of Feb. 20, 1896. 

As to the fuel value of garbage, we have re 
peatedly urged that there was danger of over- 
estimating it. (See for example our issue of Aug 
26, 1897.) 

In our issue of Jan 26, 1899, we published an 
abstract, with editorial comment, on the first 
year’s operation of the Shoreditch combined refuse 
destructor and electric lighting plant. The opera- 
tions for that year, like those for the second year, 
given in Dr. Reynold’s letter, were reported 
in a very unsatisfactory manner, no credit being 
given, in either case, to the steam from the de- 
structor boiler supplied to the electric lighting 
plant, although there is a credit for steam sup- 
plied to the public baths and library. The facts 
seem to be that the Shoreditch vestry prefers to 
consider the financial results from the joint refuse 
burning and electric light undertaking, instead of 
presenting each enterprise separately. 

Regarding the operations of the Turner reduc- 
tion process in Chicago, the figures put forward, 
like those for the Wright crematory in our issue 
of Feb. 14, cannot be considered as anything like 
“scientific data,’ since both are the claims of 
private parties for a commercial enterprise, with- 
out verification of any sort from disinterested 
parties; besides which they are only partial fig- 
ures at best.—Ed.) 


Analysis of Pressure on Foundations of Buildings. 


Sir: I nofe in your issue of Jan. 10 a solution given for 
determining the intensifiesof pressureson the footing cour e 
of a building wall where the footing has an eccentric load- 
ing. This and similar cases often arise in practice and 
present no especial difficulty in solving. In the solu 


tion of nearly all engineering problems, assumptions must 
be made, and those set forth by your correspondent are 
the ones commonly made in a problem of this nature, 


namely, that the intensity of preseure varies uniformly 
from one side of fhe base to the other, and that the load 


is concentrated at the center of gravity of the base of the 


— 
a 
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wall. The following solution is offered, as it may be of 
interest to your correspondent. Nothing new is claimed 
for it, as it is similar fo the case of a short strut carry- 
ing an eccentric load, which may be found in some text- 
books on mechanics, except that the formulas may be in 
more useful shape. 

Let us assume in Fig. 1, that the wall has a thickness 
of one unit normal to the plane of the paper, and that the 
load W is transferred in its line of action to the base at 
Q; further, that two equal and opposite vertical forces, 
W, are applied at the center of gravity, or middle of the 


(a+b)* 


b 
2a-b 
Dl (asd)? 
© (negative) 


8. 


~ 


base, O. The bese AB must then resist the vertical load 
W applied at O, and the couple whose moment is 


b—a 
> 
2 
The first produces a uniform stress over the whole base, 
whose intensity, Fig. 2, is 
Py = 
a+b 
The couple produces a stress varying uniformly from a 
tension Pm at B to an equal amount of compression Py 
at A. Its intensity may be found from the formula: 


Mz 
Pn = (2) 
in which 5 
Pm == the intensity of the stress at A or B; 
b—a) 
M = W j = the bending moment or moment of 


the couple; 


atb 


z =OQOA= == the distance from the center of 


gravity O to the edge of the base at A or B; 
I= 7 (a+b)* = the moment of inertia of the cross- 


section of the base about an axis passing 
through O, normal to the plane of the paper. 


Inserting these values in formula (2) 
b—a) a+b 12 
2 2 j (a +b)? | 


b—a 
= 3Ww |———|. (3) 
(a +b)? 
See Fig. 3. 


The total stress P, at A, Fig. 4, then becomes 


P, = Pwt+ Pm= 


raw | 
+b (a+b)? J 


or 
2b—a 
2w (4) 
(a + b)? 
and at B 
or 
2a—b 
(6) 
(a +b)? 


In Fig. 1 the load W is shown inside the middle third 
point C, in which case the stresses are as shown in Fig. 4, 
all compression. 

If W is applied af the middle third point C, b = 2a, 


and 
2Ww 


a+b 
P, = oO, 

and the stresses will be as shown in Fig. 5; or. in other 

words, the intensity of the stress at the edge of the base 

nearest the load is twice what it would be if the load were 

applied at the middle of the base, and the stress at the 

other edge becomes zero. 

If W is applied outside the middle third point, or 
b > 2a, Po, formula (5), will become negative and will 
indicate the amount of tension at B, Fig. 6. However, 
in this case there can be no tension between the base and 
the supporting ground, or in a masonry wall it is common 
to assume that the masonry can sfand no tension, then 
it is assumed that the load is carried on part of the base 
for a length 3a, Fig. 7. The stresses would be computed 
with the load applied at the middle third point of this 
length, 3a, Fig. 7, or 

2W 

P, = = (7) 
at2a 3a 

P, = oO. 

If your correspondent will reduce his value of x to its 
lowest terms by factoring out (a+b)? from the numerator 
and denominator, he will obtain a simpler expression, 
namely formula (5) above. And if he will go still fur- 
ther and find the value of x+y, instead of y, which he 
really wants, he will obtain formula (4) above, 

A still simpler solution for the specific case he cites 
would be for him to take his moment axis at A instead of 


(6) 


P, = 


Q, Fig. 8. In this case 
P, + 
w= —— (a + b). (8) 
and 
Wa= (a+b)? + (a + b)?. (9) 


and inserting in formule (&) the value of 


P, 


(a + b) 


from formula (8), with a simple reduction 
2a—b ) 
P, == 2W 
(a + b)? 
as found above. The value of P; could then have been 
found from formula (8). 

In all the above the weight of the footing is neglected, 
which in most cases would be allowable, but should it be 
desired to include this, the center of gravity of the weight 
of the wall and of the footing could be found, and the 
pressures then determined from this resultant. Or the 
pressures due to the wall and the footing could be deter- 
mined separately, and the resulting pressures obtained by 
algebraic addition. 

If your correspondent will look up in his ‘“‘Trautwine,’’ 
page 23la, he will find a simple discussion of the distri- 
bution of pressure on the base of a masonry dam, which 
I think he will find no trouble in applying to the case he 
cites. 

Formula (2) is general in its application for determining 
the stresses on the base of a footing, which has any cross- 
section, as trapezoidal; for example: M would still be 
the moment of the couple; P,, would be ihe intensity of 
the stress at the edge distant z from the center of gravity 
of the base; and I would be the moment of inertia of the 
cross-section of the base taken about an axis passing 
through the center of gravity of the base, and normal to 
the plane of the paper. In formula (1) the area of the 


cross-section of the base would be taken instead of (. 
and W would be the weight supported by the cross-<, 
of the base. 
Formulas (4) and (5) are applicable only to the ca 
which the cross-section of the base is a rectangle. 
Yours truly, John H. Gregory 
Assistant Ergineer, Improvement of Water Sup; 
710 City Hall, Philadelphia, Pa., Jan. 19, 1901. 


Sir: With reference to the letter of Mr. Kemm): 
your issue of Jan. 10, there seems room for a diffe; 
of opinion, so that a discussion may be profitable 
references quoted by you do not deal with the precise yp 
which is the maximum pressure caused by ecce;: 
loading. Within a limit to be mentioned hereafter 
maximum unit pressure can be obtained by the u 
method for a combined direct and bending stress. Le: 
Fig. 1, be the neutral axis of a foundation area; P, - 
resultant load; n its eccentricity; y the distance of 


P 
key 
iP 
P, 
i Fig.1. 


fiber in question from the neutral axis; h, the width: 
the unit stress from uniform distribution of load, and ; 
the maximum stress; M and I the usual symbols. 


My 
Then 


P 
We have p = . and M = P x, and as we are general); 


concerned with a rectangle of length unity we may writ 
=: for I. Take Mr. Kemmler’s first case, where P fal! 


at the middle third and we have, 


Phxhxi12 P 
= Ps ———_ = — 
6x 2x ht *; 


which is o or 2 p, as is well known. Here, I cannot 
follow Mr. Kemmler, as if by W he means the uni 
stress, the maximum stress is certainly not 3% W, and 
W nieans the load, how can the maximum stress be a 
definite fraction of it without reference to h? 

Since we cannot, except under very peculiar circum 
stances, have tension on a foundation, the above metho! 
fails where it produces a negative result, which is th: 


case where tho line of pressure falls outside the middle 
third. As engineers have no use for such foundations, 
the formula covers all practical cases, but the geometry 
of the problem gives us a solution, if required, for an ex- 
treme case. Le: us take Mr. Kemmler’s second case, 
where P falls 1-10th of the width from the edge as in 
Fig. 2. We know that the envelope of the unit stresses 
must be a triangle, that P will pass through its center of 
gravity and that the area of the triangle must equal that 
of the rectangle ph. The base of the triangle will then 
be 3 and 
%x3xp, = 10p or = 66 p. 

The first treatment is given in many engineering text 
books, but the second is not, probably because it is not 
regarded as a practical case. Yours faithfully, 

F. E. Robertson, 

London, England, Jan. 26, 1901. 


Notes and Queries. 


In the diagrams accompanying Prof. Hatt’s paper on 
“Slag Cements” in your last issue, the scale of ‘‘pounds per 
square inch’’ for Fig. 6 was changed by a draftsman’s 
error, giving the numbers on that figure double their true 
value. 


Chas. N., Cohoes, N. Y., writes: 


Please inform me which is right, to settle a bet. A bets 
that the outside of a wheel goes faster than the hub. B 
bets that they both go at the same gait. 


The bets had better be declared off until the bettors 
can agree on what they mean by she word “‘go.” If they 
mean motion through the air, then the rim of the wheel 
goes the faster, having the same total forward motion as 
the hub and a motion of rotation as well. 
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EXPANSION IN BRICK PAVEMENTS. 
By. Prof. Daniel B. Luten.* 


Numerous instances are on record of rumbling 
sounds produced by brick pavements under traf- 
fic, especially during the heat of summer. The 
soise has usually been attributed to the tendency 
of a crowned pavement to rise free from the foun- 
lation at the center of the street because of the 
expansion of the brick with increase of temper- 
ature. This theory has been objected to by some, 
on the ground that the curbs of a pavement wouic 
hardly have sufficient stability to resist the thrust 
of so flat an arch, loaded with several tons of dead 
and live load. 

A photograph of some interest in this connec- 
tion is herewith submitted. The brick pavement 
on Georgia St., at the corner of McCrea St., in 
Indianapolis, had been opened for water connec- 
sions; the repairing of the portion over the trench 
was done with new brick, the joints being filled 
with cement grouting. The rest of the pavement, 
which was not disturbed, had evidently been filled 
originally with sand filler. The trench lies in line 
with and extends along the gutter of Georgia St., 
and lies across the end of McCrea St, 

In August, 1900, on an extremely warm day, 
this narrow strip of cement-grouted pavement 
was found to have broken away from the rest 
of the surface, and to have risen from the founda- 
tion, so thaf.the arched portion at the center of 
the street was 24 ins. above the general surface. 
The part thus affected was limited in width to 
about 4 ft. and was quite sharply defined by the 
cement grouting, all shown in the photograph. 

The arched portion of the pavement produced a 
hollow rumbling sound upon the passage of ve- 
hicles, although the noise from the rest of the 
pavement was the usual dead rattle of a brick 
pavement. The rupture of the pavement was un- 
doubtedly caused by expansion, due to the in- 
creased temperature. The pavement had been 
forced upwards free from the base, and that, too, 
over the trench, where pavements usually exhibit 
quite a different tendency. The lines of rupture 
could be traced from curb to curb of McCrea St. 
The arching was probably not caused by expan- 
sion of the brick between these curb lines alone; 
the cement-grouted portion extended indefinitely 
along the gutter of Georgia St., and that had 
probably helped to produce the result, although 
no movement of the brick could be detected. The 
rise of 2% ins. seems too great to be attributed to 


View of Raised Strip of Brick Pavement, with Ce- 
ment Grout Filler, Indianapolis, Ind. 


expansion in an arch of about 34 ft. span, and 6 
ins. rise. Theoretical considerations would seem 
to show this, as well as to prove that the phe- 
nomenon as usually observed is due to expansion. 

The coefficient of expansion of paving brick has 
been determined by experiments made at the 
Watertown Arsenal to be about 0.0000032 for 1° 
F. The increase in width of a street 34 ft. wide, 
if unconfined, would be 0.013 in. for a rise in tem- 
perature of 10°. If the pavement has a rise of 6 
ins. and the abutments be considered immovable, 
this increase in width would result in raising the 
crown about 0.2-in. Assuming the weight of the 
brick at 40 Ibs. per sq. ft., and the coefficient of 


*Temporarily at Los Angeles, Cal. 


elasticity at 1,000,000 Ibs. per sq. in., a rise of 
temperature of about 25° F. would be required to 
overcome the compression of the brick, before 
lifting the arch free from the foundation. After 
that time, the rise of the pavement would be very 
nearly proportional to the increase in temper- 
ature, provided the curbs remained immovable, 
and for a further increase of 50° F. would be 
about 1 in. 

Such a theoretical discussion must of course 
be more or less unsatisfactory, on account of the 
indeterminate nature of many of the quantities in- 
volved. It may serve to show, however, that ex- 
pansion of the brick due to summer heat may be 
responsible for the arching and consequent rum- 
bling, notwithstanding the fact that many engi- 
neers consider it impossible and absurd. 

As to the ability of the curbs to resist the thrust 
of so flat an arch, if we assume a pavement width 
of 34 ft. and rise 6 ins., and weighing 40 lbs. per 
sq. ft. to be loaded at the middle with six tons dis- 
tributed over 12 ft., the thrust of the arch would 
be about 10% tons for 1 lin. ft. of curb. This 
thrust the curb would probably be able to resist, 
especially when backed by stone sidewalks, as is 
frequently the case. 

This peculiarity of cement-grouted brick pave- 
ments has frequently been used as an argument 
against cement grouting and in favor of tar. As 
the former is much the cheaper, and also the more 
durable, this argument is unfortunate, especially 
as an expansion joint at the curb is an effectual 
preventive of the arching in question. In laying 
a brick pavement, a %-in. board should be set 
against the curb, and the brick laid abutting 
against this board; after the courses are com- 
pleted, the board is removed, leaving a %4-in. space 
between the brick and the curb, which may be 
filled with sand. The danger of water penetrating 
through this joint to the injury of the foundation 
amounts to nothing. The cost of the pavement is 
not increased by this precaution, nor is its dura- 
bility endangered. 


TYPHOID FEVER IN U. S. MILITARY CAMPS DURING 
THE SPANISH-AMERICAN WAR OF 1898. 


A report with the title given above has been 
published recently by the Surgeon General of the 
U. S. Army. It was the work of Majors Walter 
Reed, V. C. Vaughan and E. O. Shakespeare, Sur- 
geons U. 8S. Army, the last two in the Volunteer 
service. A brief notice of the report is given un- 
der New Publications, in the Supplement to this 
issue. What follows has been abstracted from 
the report: 

During the Spanish War of 1898, every regiment 
constituting the first to seventh army corps, save 
the sixth, developed typhoid fever, regardless of 
whether they were volunteers or regulars of 
106 regiments, 38% reached camp with recognized 
cases of typhoid, and within eight weeks the dis- 
ease was in nearly every regiment. Large and 
small encampments, whether located in the North 
or South, developed epidemics of the disease. The 
spread of the disease was due very largely to 
camp pollution, the number of cases, in a general 
way, varying in the different camps, with the 
methods of disposing of the excretions. Where 
the water carriage system of disposition cannot 
be employed, the report states that “all fecal 
matter should be disinfected and then carried 
away from the camp.” Although the commission 
concluded that “infected water was not an im- 
portant factor in the spread of typhoid” in the 
camps, it wisely recommends that “troops in the 
field should be provided with means for the ster- 
ilization of water.”” Among the factors in the dis- 
semination of the disease flies “undoubtedly,” the 
persons and clothing of the men “more than like- 
ly” are to be included, while it is “probable” that 
air-borne dust was involved “to some extent.” 

On careful study, the records show that of 107,- 
973 officers and men in 92 regiments, the num- 
ber of cases of typhoid fever was probably 20,738, 
or 19.26% of the total, but of these only 10,428, or 
50.27%, were so diagnosed by regimental or hos- 


pital surgeons. The corrections made by the com- ° 


mission are based on close examinations of all 
available records, and on information secured by 
tracing the patients to civil hospitals. Of the 20,- 
738 cases 1,580, or 7.61%, died, which corresponds 


closely with the mortality shown by careful rec- 
ords in civil life. The deaths from typhoid fever 
were 86.24% of the deaths from all causes, the 
mortality from this one disease being at the rate 
of 14.64 per 1,000 men. 


_ 

A NEW SCRAPING TOOL FOR DRESSING STONE. 

The accompanying sketch and half-tone view 
illustrate the construction and mode of operation 
of a new scraping tool for dressing limestone, 
sandstone, and similar soft building stones. The 
construction and method of using this tool and 
the advantages claimed for it are described as fol- 
lows by Mr. James N. Hatch, the inventor: 

The use of the stone-scraper for giving a tooled sur- 
face to sandstone or limestone is an economical method 


Fig. 1.—Details of Scraping Tool for Dressing Stone. 


of accomplishing very satisfactory results. Where large 
surfaces are to be given this style of finish the scraper 
is a great labor saver. A much more even and uniform 
surface can be obtained in this way than by means of the 
ordinary hand tool. Any good, intelligent laborer, after a 
few hours’ practice, can, with this machine, do better 
work and more work than an old experienced stone-cutter 
can by the old method. 

The scraper, as shown by Fig. 1, ts made of 1\-in. 
round fron, bent into a reverse curve. A piece of 1-in. 
round iron is welded onto one end to form a handle and 
the other end is flattened to receive the bit. A bolt pass- 


Fig. 2.—View Illustrating Method of Using Scraping 
Tool in Dressing Stone. 


ing through a hole in this flattened portion and a cor- 
responding bole in the bit holds the bit in place. When 
a bit gets dull it is easily replaced by a sharp one by 
simply loosening the nut which allows the bit to drop off 
and the sharp one to be substituted. To use the tool two 
stones are placed side by side, as shown by Fig. 2, anda 
straight edge weighted with two heavy spalis to hold ft in 
place is placed across them. The scraper is held up 
against the side of this straight edge and pushed across 
the stone again and again until the required finish Is ob- 
tained. A man working eight hours per day can, with 
good average limestone, tool from 30 to 40 sq. ft. of sur- 
face. 


PLOW IN THE SEWERS OF THE NORTH METROPOLI- 
TAN SEWERAGE SYSTEM OP MASSACHUSETTS. 


A paper with the above title was read by Mr. 
Theo. Horton, Assoc. M. Am. Soc. C. E., before the 
American Society of Civil Engineers on March 6. 
The paper described three series of current meter 
readings taken in July, 1896, December, 1897, and 
June, 1900, below the Charlestown and also be- 
low the East Boston pumping stations. A four- 
vane Ellis meter was used. The paper gave no 
particulars as to the area or population contrib- 
uting to the flow of sewage, being designed to 
show merely the results of the current meter read- 
ings and the deterioration of the carrying capacity 
of the sewer. 

The sewers had been in use about ten months 
when the first readings were taken. A table was 
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presented showing for each reading the depth and 
mean velocity of flow, the quantity in cubic feet 
per second, the hydraulic mean radius, the values 
of C and n. The observed flows ranged from 6.1 
to 188 cu. ft. per sec. The average values of n, 
as used in the Kutter formula, are given for the 
Charlestown sewer as 0.0131 in 1896; 0.0148 in 
1897, and 0.0152 in 1900. In the East Boston chan- 
nel the corresponding values were 0.0117, 0.0127 
and 0.0133, respectively. The Charlestown sewer 
is 6 x 6% ft. in cross-section, of basket handle 
shape, with a hydraulic grade of 1 in 2,000. The 
East Boston sewer is 9 ft. in diameter, with a 
hydraulic grade of 1 in 3,000. Both sewers are of 
brick, cement-washed. 

In July, 1896, after the sewers had been in oper- 
ation about ten months, the masonry appeared to 
be “jn almost its original condition.” Above and 
below the water line there was a “thin coating of 
grease of a leaden color,” and some _ organic 
growth. In December, 1897, the growth was not 
much heavier, but covered a greater area; besides 
which there were “slight incrustations at frequent 
intervals, due to barely visible seepage of ground 
water.” In June, 1900, the condition of the sewers 
was not much different than in December, 1897, 
except that the incrustation seemed to be slightly 
greater. 

The discussion on the paper was opened by Mr. 
Rudolph Hering, M. Am. Soc. C. E., who, after 
asking the author a number of questions, seemed 
to be satisfied with the results shown by the pa- 
per. Mr. Hering cited an instance of organic 
growth in some pipe sewers in a western city, 
which badly clogged the sewers. Mr. Geo. W. 
Tillson, M. Am. Soc. C. E., told of a somewhat 
similar experience with the early sewers of 
Omaha, built on the separate plan, without man- 
holes, and with inadequate flushing. Mr. J. Waldo 
Smith, M. Am. Soc. C. E., said it was gratifying 
to see how these observations on deterioration of 
the inner surface of large sewers corresponded 
with experiences with large water conduits. 


STATE ROAD CONSTRUCTION IN MASSACHUSETTS. 


The report of the Massachusetts State Highway 
Commission for the year 1900 shows that sin<e its 
organization in 1893 it has built 296 miles of im- 
proved road, about 46 of which was completed in 
1900. Roads laid out and nearly completed at the 
close of the year bring the total up to 316 mites, 
which is only 24% of the total of 1,334 miles for 
which petitions have been filed. The petitions 
came from 274 towns and 25 cities. From 1894 to 
1900, inclusive, the legislature has appropriated 
$3,500,000 for the construction and repair of State 
highways, but 25% of the total cost of new roads 
is borne by the counties in which the roads are 
located. Beginning with the year 1900, the cost 
of repairs, up to $50 per mile per year, is assessed 
upon the several tewns; also beginning with the 
same year the salaries of the commissioners, the 
engineers, clerks and assistants in their office, and 
traveling and office expenses, amounting to $29,- 
n0O in all, were met by a special appropriation, 
outside the $500,000 for construction and rep.irs. 

As to the depth of stone employed in road con- 
struction the commission says: 

The commission hss estimated that non-porous soils, 
drained of ground water, at their worst, will support a 
load of about 4 Ibs. ver sq. in.; and, having in mind these 
figures, the thickness of the broken stone has been ad- 
justed to the traffic. On a road built of fragments of 
broken stone, the downward pressure takes a line at an 
angle of 45° from the horizontal, and is distributed over 
an area equal to the square of twice the depth of the 
broken stone. If a division of the load, in pounds, at any 
one point, by the square of twice the depth of the stone, 
gives a quotient cf four or less, then will the road foun- 
dation be safe at all seasons of the year. On sand or 
gravel the pressure may safely be placed at 20 Ibs. per 
sq. in. 

Acting on this theory, the thickness of stone on State 
roads varies from 4 to 16 ins., the lesser thickness being 
placed over good gravel or sand, the greater over heavy 
clay and varying thicknesses on other soils. In cases 
where the surfacing exceeds 6 ins. in depth, the excess 
may be broken stone, stony gravel or ledge stone, the 
material used depending entirely upon the cost, either 
being equally effective. 

Good road building gravel is comparatively 
scarce in Massachusetts. Where employed it has 
been used as it came from the bank, or has been 
screened, or in some instances it has been crushed 
and screened and then laid like macadam. Mr. 
Chas. Mil's, Chief Engineer of the commission, 
says: 


The screened gravel roads are easily maintained, but 
wear rapidly, and, as the cost of resurfacing is nearly as 
great as the cost of resurfacing a macadam road, it does 
not seem to be economy to continue their construction, 
except in localities where stony gravel is abundant and 
broken stone available only at great expense. 

Some interesting experimental road work at 
Truro, in which stone and clay were tried, is de- 
scribed as follows in the report: 

Three years ago an experimental road was built in 
Truro. This road was of rounded beach stone and clay. 
It has shown good wearing qualities, but, owing to the 
shape and size of the stone used, its cost was greater fhan 


would result from substituting broken stone for the 
gravel. 


The experimental mile of road built two years ago in 
Truro has proved a success, and is well worth a descrip- 
tion. The sub-grade is loose sand. There is practically 
no surface loam on the land adjacent to the road. The 
drainage is perfect. There is not much snow or frost 
during winters, and the traffic is small in volume and 
light. The sub-grade was shaped to the grade and cross- 
section desired, and on this was spread clay, naturally 
sandy, containing 1 part of sand to 2 parts of clay, to a 
depth of 2 ins.; over this was spread a layer of broken 
stone 3 ins. in depth, the fragments varying in sizes from 
% to 1%-ins. in diameter. The broken stone was then 
covered with a layer of clay 1 in. in depth. A _ long- 
toothed spike harrow was then dragged back and forth 
until the clay aad broken stone were well mixed, and then 
the entire surface was watered and rolled with a two-ton 
horse roller. An occasional sprinkling of sand, since its 
completion, has prevented the clay from becoming muddy, 
and the surface is reasonably smooth and free from loose 
stone. 

The average cost of a standard mile of road in 
Massachusetts was $8,957 for macadam, and §$7,- 
074 for gravel, during 1900. By a standard mile is 
meant one with a stone or gravel roadway 15 ft. 
wide, with shoulders 3 ft. wide “shaped to the 
same cross-section as the broken stone.” It should 
be noted that these figures include painted guard 
rails at steep embankments; also culverts of vitri- 
fied or iron pipe, or of masonry, where there is a 
large volume of water. The commission says that 
“there are several reasons why the average cost 
of State roads in Massachusetts is greater than it 
is in other States.” The first one to be cited is 
the selection, for early construction, of ‘‘the most 
difficult sections on long petitioned lines.’”” An- 
other reason is the legislative nine-hour day in 
Massachusetts, against ten hours in New Jersey, 
and a 20% excess in the cost of labor and teams. 
In New Jersey (we may add), culverts and bridges 
over permanent streams are provided at county 
expense, at least in the eastern part of the State; 
while guard rails are not usually erected on the 
State road work. 

Repairs to stone roads, the Massachusetts com- 
mission says, 
should begin the day they are opened to traffic, and the 
attention which they receive the first few months of- use 
determines their usefulness and length of life.’’ 

Accordingly the commission has adopted the 
system of continuous repairs, the cost of which “is 
about equally distributed over the roadway and 
roadside.”” Where the length of road warrants it, 
the work is done by men who devote their whole 
time to it. Otherwise, it is done by local men, un- 
der a division engineer, which proves much more 
costly than the first-named plan. Thorough roll- 
ing with a steam roller as soon as the frost is 
out in the spring, and before the subgrade is dry, 
“is one of the hest means of keeping a stone road 
in good condition.”” The report contains a table 
showing the cost of maintaining roads by towns 
prior to 1900, in 1900, and the total to the close 
of that year, with the average per mile, both total 
and for 1900. The maximum expenditure for main. 
tenance was $660.68 per mile per year for 1.61 
miles of read in Athol, or a total of $4,254 since the 
road was built. The expenditure per mile in 1900, 
for this stretch, was $103.38. Considering the year 
1900, alone, the repairs per mile of road ranged 
from $0.96 for 2.08 miles in Haverhill, to $1,125 for 
4.19 miles in Leicester. The Haverhill road had no 
expenditure forrepairs prior to 1900, and presuma- 
bly was new. Repairs on the Leicester road, 
since its construction, have cost an average of 
$660.25 per mile per year, or within 43 cts. of the 
figure already given for Athol. It would be in- 
teresting to know the average cost of repairs per 
mile per year for all the State roads built, and 
also the average for 1900, but the computation 
would involve much labor. 

The report made to the commission by Mr. Mills 
contains some interesting figures on the cost of 
painting guard rails and on the “changes in cross- 
section” of macadam roads, as follows: 

During the year 1899 most of the guard rail previously 


built on all the State roads was repainted. Following 
is a statement of the average cost per lineal foot, etc.: 


Lineal feet of guard rail painted ............... 25: 
Cost of paint, not including freight, per gallon. .s| 
Cost of paint per lineal foot of guard rail ........ 
— paint and painting per lineal foot of guard 
Lineal feet of guard rail painted, per gallon...... 1 
Quantity of paint used per lineal foot, in gallons... «. 
Time required for painting, per lineal foot, in hrs. 


To ascertain the changes that have taken place j), 
cross-sections of roads between the fime of their cor 
tion and approval by the commission and the present : 
in December of this year, cross-section notes were : 
on 40 sections of State highway in 17 towns in diff. 
parts of the Stafe, built each year from 1894 to 1899 
clusive. On these 40 sections of road the elevation {; 
middle of the road averages 1.03 ins. lower than the . 
inal elevation. The crown, which originally averaged 
in. per ft. at present averages 0.47 in. per ft.—a los 
about 30% from the original crown. 

The following statement shows the changes in the cr 
sections on the different layouts: 


No. sections —Crown, ins. per f: 


Lay-outs. of road. Original. Prese: 
. 0.694 0.500 
9 -583 514 
12 -645 500 
eed 7 .625 500 
2 -688 625 


The foregoing figures seem to show that the stands; 
section adopted by the commission, giving a crown of 
in. per ft., is not excessive, as the crown of a road is su: 
to lessen by the effects of travel and weather. 

The guard rails are made of shaved cedar pos 
8 ft. c. toc, a 4x 4-in. top rail, 3% ft. high, ani . 
2 x 8-in. side rail. Both rails are planed. Ti 
rails and exposed portions of the posts are give: 
when new, “two coats of light-colored paint easi|\ 
seen at night.” 

The quotation does not make clear whether th: 
changes in cross-section were determined by com 
paring the original grade levels with those exis- 
ing at the time of the observations, or by trench 
ing across the road and measuring the actua! 
thickness of the macadam; in other words, it is 
uncertain whether the measurements indicat: 
wear alone, or both wear and settlement. Since 
the foregoing was written we have learned from 
Mr. Mills that the figures given ‘‘were obtained 
by comparing the present with the original sur- 
face levels, using the same bench marks.” It is 
proposed to make further observations this spring, 
and also to determine the actual thickness of 
macadam on roads showing the greatest changes. 

The members of the commission are as follows: 
Mr. W. E. McClintock, M. Am. Soc. C. E.; Harold 
Parker, M. Am. Soc. C, E.; and John H. Manning. 
Mr. Chas. Mills is chief engineer of the commis- 
sion. 


RECONSTRUCTION OF THE MISSOURI RIVER BRIDGE 
AT GLASGOW, MO.; CHICAGO & ALTON RY. 
By W. D. Taylor, M. Am. Soc. C. E.* 

The bridge built in 1879, by Gen. Wm. Sooy 
Smith, M. Am. Soc. C. E., as Chief Engineer, to 
carry the Chicago & Alton Ry. over the Missour! 
River at Glasgow, Mo., is shown in Fig. 1 as it 
was in June, 1899. It was a single-track high 
bridge, with all spans fixed, and having the track 
about 50 ft. above high water. It was said to be 
the first all steel bridge built in America. On the 
east shore there was 211 ft. of iron viaduct start- 
ing from a small abutment on the edge of the 
Glasgow bluffs. Then came two 138-ft. deck spans. 
three through spans of 311 ft., and two deck spans 
of 311 ft. The west approach consisted of one 
140-ft. deck span and 508 ft. of iron viaduct, fol- 
lowed by about 91 ft. of wooden pile trestle used 
to join the iron work to the 45-ft. embankment 
leading up to the bridge from the west. 

The abutment, piers and pedestals of the east 
approach had fairly good foundations on the 
sandy clay of the Glasgow bluffs, and had given 
little trouble. All the rest of the substructure had 
been, or was, in bad repair. 

Piers No. 1 and No. 2 had been rebuilt to a 
point above high water, the one with Massachu- 
setts granite, and the other with Missouri gran- 
ite, and the masonry in each case had been sur- 
mounted with costly steel towers about 35 ft. 
high. Piers Nos. 1, 2, 3 and 4 had originally been 
built of inferior limestone. They were built solid 
to a point above high water, with the usual ice 
breaker nosed with iron, and then they forked 
into two towers, each some 50 ft. high. These 
towers had been of ornamental! construction when 
first built, but upon the stone’s cracking and 
crumbling under the joint effects of the weather, 
the yielding foundations, or train vibration, it 


*Assistant Engineer, Chicago & Alton Ry., in charge of 
the reconstruction of the bridge. 
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had been very early necessary to encase each of 
the stone towers in a skeleton fron framework 
throughout the height of the tower. This casing 
is shown on the top of one of the old towers which 
appears in the foreground of Fig. 6. These old 
stone towers were still in place on piers Nos. 3 and 
4, though they had been removed when piers Nos. 
1 and 2 were rebuilt. 

The tops of the towers of piers Nos. 3 and 4 
had both been repaired, but in different form. The 
whole top of both towers of pier No. 3 had been 


East Span | 
Span"A Span 


masonry. All the masonry west of this pler was 
to be rebuilt on pile foundations topped with con- 
crete, which concrete should extend in every case 
11 ft. below the surface. Half of the old west ap- 
proach viaduct and all of the wooden trestle was 
to be filled in with earth, and a new 45-ft. heavy 
wing wall abutment backed with concrete and 


‘faced with Bedford stone was to be constructed 


at the west end of the bridge. The old superstruc- 
ture was to be removed entirely. The old steel 
superstructure had been built for loads of two 66- 


ture was removed, by the middle of January, 1900. 
For a full description of the construction of these 
caissons and piers the reader is referred tu a pa- 
per read Feb. 6 before the Western Society of En- 
gineers by Mr. H. P. Boardman, Assistant Engi- 
neer, Chicago & Alton Ry. 

Probably the most remarkable point about the 
piers is that, though each one of the caissons 
came down on bed rock more or less uneven, the 
cutting edge in each case was brought down, as 
required by the specifications, to almost a _ per- 


FIG. 1.—MISSOURI RIVER BRIDGE AT GLASGOW, MO.; CHICAGO & ALTON RY. 


(Condition in June, 1899; dotted lines indicate the new piers now completed.) 


eneased in a strong framework of iron and con- 
crete. Both spans resting on pier No. 4 had been 
jacked up on falsework, the tops of ,the old tow- 
ers torn down, and a strong framework of steel 
about 8 ft. high had been put in, binding the 
tower tops together. 

Pier No. 5 had been jacked up in the same way 
as No. 4, but the coping and belt course had been 
renewed with stone of good quality. Pier No. ¢ 
was in very bad condition. The old masonry at 
the pier top was disintegrated, or shaken to pieces; 
some of the joints and cracks in belt course and 
coping being open as much as 2 ins. 

Piers Nos. 3, 4, 5 and 6 were founded on pneu- 
matic caissons. All piers from Nos. 1 to 6 were 
supposed to rest on bed rock. From pier No. 6, 
west, pier and pedestal had simply been set a few 
feet down into the soil of river formation and had 
settled till the grade line of the track above was 
spoiled. The old steel superstructure, though 
light, was in good condition, and had never shown 
any signs of weakness. 

It was decided early in 1899 to reconstruct the 
entire bridge. Several plans of reconstruction were 
suggested. One was to build an entirely new 
bridge alongside the old one. Those who advoca- 
ted this measure wished to avoid all possibility of 
interference with traffic in rebuilding the bridge. 
The plan finally adopted, however, utilized all the 


FIG. 2.—WEST END OF THE GLASGOW BRIDGE. 


good masonry of the east approach, and piers 
Nos. 1 and 2 (which had been rebuilt), also pier 
No. 6, or as much of it as could be used. 

It was decided to make the main channel span 
(Span No. 2) one panel length (28 ft.) longer than 
the other river spans, and to build entirely new 
piers just west of piers Nos. 3, 4 and 5. It was 
decided to make the fourth span a through span 
also and to shorten up the fifth span by one 
panel length, thus landing the west end of the 
fifth span on old pier No. 6, which was to be torn 
down and rebuilt in order to remove the impaired 


ton engines followed by a load of 1,820 Ibs. per 
lin. ft. The new superstructure was to be built 
for loads of two 1624-ton engines followed and 
preceded by a train load of 5,000 Ibs. per lin. ft. 
The old river spans were Whipple trusses. The 
new ones were to be of the Pratt type of truss 
with curved top chords. In the new bridge the 
three 138-ft. spans were to be lattice girders. 

The viaduct on the west side which had con- 
sisted of a succession of 30-ft. girders (each alter- 
nate girder over a tower) was to be in the new 
bridge only 230 ft. long, consisting of only two 
towers with 55-ft. girders between the towers and 
between tower and pier No. 7 and the abutment. 
The new east approach viaduct was to be made 
up by doubling up the girders taken from the 
west approach, using four girders where two had 
served before. 

The grade line of the old bridge ran level to 
pier No. 4 from the east approach and then de- 
scended with a sharp apex angle over the pier 
to the west with a grade of 0.9%. The grade of 
the new bridge runs level from the east approach 
to pier No. 38. Thence a vertical curve rounds off 
the break in grade to pier No. 5, the camber 
rounding out the curve, from which the grade de- 
scends to the west on a grade of 0.75%. 

Fig. 2 shows three of the river spans of the new 
bridge in connection with the west approach, and 


Fig. 3 shows the remaining river spans in con- 
nection with the east approach. 

Early in 1899, permission was secured from the 
Secretary of War to reconstruct the bridge, con- 
ditioned upon the keeping open at all times of 
150 ft. of clear waterway for river traffic under 
span No. 2 or No. 3. 

Contracts were let in August, 1899, to the En- 
gineering Contract Co. for the building of new 
piers Nos, 3, 4 and 5. The caissons were sunk 
for these new piers and the masonry built up as 
far as was possible till the old steel superstruc- 


fect level plane, and resting all the way around 
on bed rock, which was a fine grained good sand- 
stone and was ditched out to receive the cutting 
edge. 

The superstructure was designed throughout by 
Mr. August Ziesing, M. Am. Soc. C. E., and con- 
tracts were let to the Lassig Bridge & Iron 
Works, of Chicago, for the new steel superstruc- 
ture and its erection on falsework, which the rail- 
way was to furnish and construct. 

In January, 1900, the work was suspended till 
the end of April, when the work of tearing out the 
old bridge and putting in the new was begun and 
carried on continuously till the riveting was com+ 
pleted on the approaches on Jan. 15, 1901. 

Night crews working by means of an electric 
light plant were put on during the whole season 
whenever they could be worked to advantage. 
There were only two Sundays from June to De- 
cember when gangs of men were not at work on 
the bridge, and oftentimes the whole force were 
at work. There were employed 2 locomotives, a 
steamboat, 6 barges, 10 hoisting engines, 8 trav- 
elers, 2 derrick cars, and (at times) a force of 250 
men. 

There were no unusual features in the shore 
work except perhaps in filling in the old viaduct 
on the west side. There was no falsework used 
and the dirt was simply dumped around the old 


FIG. 3.—EAST END OF THE GLASGOW BRIDGE. 


towers and the girders removed when the earth 
had got high enough to carry the track. The 
earth was dumped in October and November and 
the new earth embankment of Missouri clay has 
carried the track very satisfactorily so far. As the 
length of the filled in portion of the viaduct was 
only about equal to the length of 11 cars, it ways 
uneconomical to plow off the dirt from the cars 
by pulling the plow along the top of the cars ir 
the more common way. Frames were constructed 


fastened to the bridge ties so that the plow could 
be anchored down in one place, and the train 
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pulled through under the plow, the plow being so 
located as to dump the dirt symmetrically around 
the towers. This work was done by contract, and 
it had been arranged that the contractor should 
furnish teams to spread the dirt uniformly, in the 
fear of sidewise settlement of the heavy embank- 
ment against the tower legs and bracing. But af- 
ter a few days trial the contractor was allowed to 
withdraw his teams, as it was found the work he 
was doing was unnecessary. Done in this way 


bridges was laid from crib to crib and the false- 
works were built on top of the girders. Fig. 4 
shows this span with part of the falsework on the 
girders and the new steel in place on Sept. 21. 
Under the two middle through spans in the 
main current of the river it was never contem- 
plated to use any other plan of constructing the 
falsework than that of using two Howe trusses 
under each span, the two trusses resting on three 
cribs. These trusses were 26 ft. high vertically, 


FIG. 4.—FALSEWORK OF SHORE SPAN. 


(One end carried by plate girders over scoured portion of chann¢l.) 


there was no lateral settlement to speak of, 
though there was considerable vertical settle- 
ment in one place under the weight of the 45-ft. 
embankment, in which place previous borings had 
shown that a stratum of quicksand underlay the 
surface. 

It might be of interest to note that careful esti- 
mates showed that at prices current at the time 
there was a saving of $17 per lin. ft. in filling this 
viaduct (45 ft. high) with earth that had to be 
hauled five miles by train, over the cost of rebuild- 
ing the viaduct. Only the fear of too much con- 
striction of the waterway in excessive floods pre- 
vented the filling in of the whole west shore via- 
duct. 

Fortunately there was no high water to speak 
of after June, and some risks of losing falsework 
having been taken, the late high water season 
found the work very well advanced. The work 
proceeded from west to east, so that only one 
span of the old superstructure needed to be taken 
down at a time. 

The stone for all the piers and the abutment 
were cut to true dimensions by the Bedford Stone 
Co., and each stone was checked up by measure- 
ment in all three dimensions as it arrived on the 
ears at Glasgow. The building of the new piers 
proceeded rapidly when the old steel was re- 
moved. One derrick laid four courses of this 
heavy masonry a day. 

Some of the most tedious work was the con- 
struction of the falsework under the deck spans 
where the height was insufficient to handle piles 
in any of the usual ways. A kind of cagework 
was constructed enclosing the pile driver leads 
and this caging was suspended from the old track 
and swung down through the framework of the 
deck spans and guyed laterally to the steel work. 

The putting in of the additional caissons ana 
piers the fall before, constricting the waterway, 
had had the effect of causing the river to scour 
out a narrow deep channel nearer the center of 
the stream, and also had caused the banks of 
both shores to move inwards more than 200 ft. 
Under the west end of the east deck span the de- 
posit of soft muck since the season before was as 
much as 20 ft. in depth, and under the east end 
of the same span the bottom had scoured out till 
there were only two or three feet of silt on bed 
rock. Both changes gave trouble. It was out of 
the question to use piles both here and further 
out in the river in the places scoured out unless 
they could have been braced by methods which 
would have been expensive and more or less un- 
satisfactory. 

Under the scoured out portion of this span, 
cribs were sunk. A double row of plate girder 


142 ft. long, and weighed 225 tons. Each truss 
nas really four trusses placed side by side, a lit- 
tle more than 8 ft. c. toc. Fig. 6 affords a top 
view of the Howe truss in place. 

The entire top and bottom chord of each truss 
consisted of 16 pieces of 8 x 16-in. timbers. These 
trusses were designed specially for this work by 
Mr. August Ziesing. They were framed on shore 
and erected in place, the erection being done on a 
barge where there was not silt enough to hold 
piles on which to do the erection. Fig. 5 shows 
span No. 3, after the erection of the new steel for 
this span was completed. 

The construction of the cribs was a compara- 
tively easy matter in most places where they were 
used. If there was silt enough on the bottom to 
hold the piles they were driven first; then the 
crib work was built in place around them, log 
house fashion, building up as the framework 
sank. Then the crib work was filled with riprap 
to steady the piles and the grillage put on. 


then set in by simply lowering from the 
above and braced in position till the 
filled with riprap to steady the piles. 

A good deal of trouble was taken with ., 
the first of these cribs to  proportic, 
bottom of it, so that it would land 
metrically on the bottom. But in the 
of those landed on the silt the botton 
found to be of an entirely different «.; 
by the time the crib work reached it, while 
the open river it was found next to impossi! 
get soundings in the swift current acc 
enough to proportion the bottom by. Aft. 
first trial it was found that it was possible - 
adjust the amount of rock in the pockets . 
keep the framework in delicate suspension j), 
water, and as soon as any part of the crib la, ! 
to suspend the crib from some of the frame, 
overhead so as to keep it level while the piles \ 
set in. When the riprap was added the s 
would work out under the timbers that wer 
touching the bottom and fill in the space til! 
crib was steady. Then some of the riprap 
thrown around on the outside of the crib to n 
sure and the suspending cables were remo, 
The effort to proportion the bottom of the « 
to fit the bottom of the river was only made 
one of the eight cribs. 

The Howe trusses used to support the ri\ 
work were expensive and as (under the Gove: 
ment regulations) the two main channel spa) 
Nos. 2 and 3, could not be blocked by falsework 5: 
the same time, only three of the trusses were c: 
structed, Two of the barges which had to |. 
built to do so much of the necessary work we) 
designed to float these 225-ton trusses from 0) 
span around to another. Two trusses were buil! 
in place under span No. 3 and one under the eas 
end of span No. 2, leaving the west end of spi: 
No. 2 open for river traffic. When span No. |} 
was sprung, the top falsework bents over the wes: 
Howe truss were lowered whole into the river, ani! 
both bents and truss floated around into position 
under span No. 2. This arrangement opened th: 
west side of span No. 3 for river traffic at th 
same time it closed the west side of span No. 2. 

After the barges had been sunk down to plac: 
themunder the truss to raise it, the calculations as 
to the depth of water that would still be in th: 
bottom of the barges when the 225-ton truss be- 
gan to lift from its bearings, and also the height 
that the deck of the barges would be above th: 
surface of the river in carrying this load (afte: 
all the water had been pumped out) were both 
verified within half an inch. 

Fig. 6 shows the barges after the water hai 


crit 


FIG. 5.—SPAN NO. 3, WITH TRAVELER, AND WITH FALSEWORK CARRIED ON TRUSSES. 
(The end of one of the old spans is seen at the right.) 


But in the case of two of the cribs; those on 
each side of pier No. 3, in the middle of the river, 
the bottom had scoured out till the bedrock was 
as clean as a floor 42 ft. below the surface. These 
cribs were begun in still water, built up some 10 
ft. in height, and floated into position where they 
were anchored laterally to the piers, and both uv 
and down stream to pile clusters. The crib wor 
was then added, building up as the framework 
sank till it rested on the bottom. The piles were 


been let into them when they were in readiness to 
put under the truss. 

It had originally been intended to also float one 
of the Howe trusses around under span No. 1, but 
the filling in of the east bank, before referred to. 
did not leave enough room to float the barges. 

However, there was no foothold for piles under 
the west end of the span, so the girders which had 
been used under span No. 4swere floated across the 
river in pairs on a single barge. The falsework 
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«hich had been used under span No. 4 was then 
»rought over and set up under this span without 
-eframing. 

‘Though the Howe trusses which were used -in 
-his work filled every purpose for which they were 
-onstructed, their maximum middle deflection un- 
or the greatest load ever brought upon them 
.cing only 5¢-in., the writer now thinks that per- 
haps it would have been better not to have used 
hese trusses at all, but to have adopted some 
ther expedient, such as proportioning the three 
198-ft. deck shore spans to have done the work 

quired of the three Howe trusses, and then they 


earnings. The closer the management can get to regular- 
ity in its maintenance expenses, the more economical re- 
sults will be obtained. The railroad situation in this 
country is rapidly approaching a condition of permanency, 
and, as owners and managers can predict from past rec- 
ords with reasonable accuracy their probable revenues, 
they should be able to closely estimate the sums required 
for future maintenance. 

When the chief engineer, general superintendent or 
whetever officer has charge of the physical condition of 
the property, can lay before his general manager caretully 
prepared and accurate budgets of ex»enses for the year, as 
well as estimates of the normal amounts that should be 
spent on the different items, the haphazard methods of 
management in this respect will rapidly disappear and 


FIG. 6.—SCOWS FOR CARRYING THE HOWE TRUSS FALSEWORKS. 


(In the foreground is one of the old towers of the pier, bound together with iron rods and bands.) 


could afterward have been removed to their final 
places in the structure. 

The Howe trusses were necessarily designed to 
carry unusually heavy dead loads as well as the 
usual live loads. They were expensive as to ma- 
terial, erection, and removal, and were of little 
service afterward. 


SECOND ANNUAL MEETING OF THE AMERICAN RAIL- 
WAY ENGINEERING AND MAINTENANCE OF WAY 
ASSOCIATION. 

The second annual convention of this Associa- 
tion was held at Chicago on March 12, 13 andl14; 
a full report of the proceedings will appear in our 
next issue, and we present below an abstract of 
the address delivered by Mr. J. F. Wallace, Presi- 
dent of the Association, and Assistant General 
Manager of the Illinois Central R. R., and the re- 
ports presented by three of the standing commit- 
tees of the Association, somewhat condensed from 
the original: 


President’s Address. 

At the close of the second year in the life of this asso- 
ciation the members have every reason to congratulate 
themselves on the results so far achieved. The mileage 
represented, the character of its membership and the en- 
thusiasm with which the work has been undertaken assure 
a prosperous future. While the problems which the as- 
sociation has undertaken to solve are large ones, the 
manner in which it has commenced its work is a guar- 
antee that in working out or at a solution of these prob- 
lems much benefit will accrue to the railroads represented 
in this organization as well as to the individual members. 

The hand-to-mouth method of managing railroads, par- 
ticularly as applied to maintenance problems, is rapidly 
passing into disuse, and more consideration is being given 
year by year to the true economy of maintenance. In the 
ideal maintenance of any railroad property, the sums ex- 
pended should not vary materially from year to year; the 
different classes of renewals should be made systematically 
and regularly, regardless of temporary fluctuations in 


the work will be intelligently and satisfactorily handled 
to owner, manager and engineer. The worry of explaining 
why the expenditures in any certain month or on account 
of any one item were more than in the previous year will 
be done away with. 

While there are some items, like renewals of steel 
bridges, rail, station buildings, etc., which cannot well be 
provided for with regular annual appropriations for re- 
newals, the average amounts necessary for these renewals 
can be determined with approximate accuracy; and cer- 
tain sums could be charged out and set aside to cover 
these extraordinary renewals. The minor items, such as 
repairs and renewals of wooden bridges or their replace- 
ment by more permanent structures, the widening of ex- 
cavations, strengthening of embankments, renewal of bal- 
last and ties, minor repairs to buildings and structures, 
fencing and the many items that enter into the repairs 
of road account, should, however, be approximately de- 
termined and the amounts expended therefor made uni- 
form. 

When the work is laid out and carried forward on 
some such basis, comparative statements will then be of 
more vslue, and the fluctuations above or below normal 
will be due to causes which can be determined and ex- 
plained, and the comparative efficiency of different men in 
the economical handling of road department matters more 
reliably observed. 

One of the questions which our various committees 
should determine, by the collection of facts from the ex- 
perience of different roads and the sums expended by 
them on the different items of maintenance, is the ap- 
proximate normal amounts for the proper maintenance of 
railroad properties. It is, of course, true that we should 
not be misled by averages, as conditions differ on the vari- 
ous roads, due to physical, climatic or traffic characteris- 
tics: but the consideration of this question along these 
lines will be beneficial and educational, and will very 
materially help both the officers having direct control of 
maintenance-of-way expenditures and the managements. 

In these remarks attention has only been called to fun- 
damental principles and the general lines along which 
this important subject of economical railroad maintenance 
should be approached. Above all things, we should give 
consideration to the proper reiations between physical 
betterments and the purposes they are intended to serve. 


We should not fall into the error so many engineers make, 
of looking at their work from a technical standpoint only 
and endeavoring to rear the most substantial and perfect 
monuments to their skill; building structures to which 
they can point with pride as samples of their work, but 
losing sight of the fact that the ultimate aim of railroad 
construction and maintenance is to provide for the safe. 
expeditious and economical handling of traffic. To this 
end all other considerations should be made suboriinate. 
Report on Yards and Terminals. 


Few railways are in a position to consider questions 
arising in connection with terminal work, free from the 
limitations imposed by ehe existence of facilities already 
established. It is believed, however, that many errors in 
design in such work may be avoided by the elucidation of 
the principles which appertain to the different branches of 
terminal service. The committee has carefully considered 
the practical points involved as well as the broad question 
of what would be the best practice apart from such lim!- 
tations. 

TERMS AND DEFINITIONS. 


The first work was to consider the terms used in this 
branch of the service, with a view to the adoption of a 
series of standard terms, as well as to formulate defin- 
itions of these terms, in order to have a common under- 
standing in the discussion of the various questions. It 
was found at the outset that even among the members of 
the committee the same term had different meanings, and 
different terms were applied to the same thing. From this 
original confusion there has been developed a series of 
terms and definitions, which it is hoped will gradually 
come into general use. The committee believes that this 
is of importance in establishing a foundation upon which 
to base the continuance of its work. 

Ine of the first difficulties encountered was in regard to 
the too frequent and indiscriminate use of the word 
“Yard.’’ This term is now generally applied to the single 
set of switching and storage tracks at small stations; to 
each of the several independent sets at large terminals or 
division points, and also to the entire series of such sets 
at the same points. Thus a ‘‘yard’’ may be composed of 
a number of “‘yards’’ (receiving, separating, classification, 
storage, departure, eastbound and westbound, etc.). Col- 
loquially, this produced but little confusion, but it does 
produce confusion when the questions involved in yard 
design and operation come to be considered technically. 
After having encountered this difficulty several times, your 
committee concluded to take the radical step of adopting 
a new term to designate the entire series of ‘‘yards’’ at 
important points. The term adopted, after some discussion, 
is ‘‘Cluster,’’ which, according to Webster's Dictionary, 
is “‘A number of similar things collected together or lying 
contiguous; a group.’’ This definition seems fully to meet 
the requirements. 

The word ‘‘Terminal’’ has been taken to include all the 
facilities provided for terminal work, on a large or smal! 
scale, while the word ‘‘yard”’ relates only to one set of the 
tracks whicl. are used for the switching or storage of 
cars. Terminals may be divided into freight or passenger 
terminals, and may be further classified as line terminals, 
division terminals, district terminals, branch terminais, 
ete, 

With these explanations, the following list of terms and 
definitions is presented: 

Terminal.—The facilities provided by a railway for the 
conduct of its business at the end of its line, or of a 
division or a district. 

Freight Terminal.—The special arrangement of terminal 
facilities for the handling of freight business. 

Passenger Terminal.—The special arrangement of ter- 
minal facilities for the handling of passenger business. 

Yard.—Three or more parallel tracks arranged In series 
for the convenient switching or storage of cars 

Receiving Yard.—A yard for the reception of traffic. 

Separating Yard.—A yard next in order to the receiv 
ing yard, in which the traffic is separated by districts or 
commodities, as may be required. 

Classification Yard.—A yard next in order to the sep 
arating yard, in which the traffic is classified in accord 
ance with requirements, and made up into trains, 

Departure Yard.—A yard next in order to the classifica- 
tion yard, in which trains are placed awaiting departure. 

Storage Yard.—A yard in which cars are held awaiting 
disposition. 

Cluster.—An arrangement of yards in series, for the 
separation, classification and storage of cars. 

Gravity Yard.—A yard in which the movement of care is 
produced by gravity alone. 

Assisting Grade.—-The elevation given one or more tracks 
of a yard to facilitate the movement of cars. 


Poling Yard.—A yard in which the movement of 
ears is produced by the use of a pole or stake operated by 
an engine on an adjoining parallel track. The movement 


may be facilitated by an assisting grade. 

Summit Yard.—A yard in which the movement of cars Is 
produced by pushing them slowly over a summit, beyond 
which they run by gravity. The movement from the base 
of the summit may be facilitated by an assisting grade. 

Body Track.—One of the parallel tracks of a yard upon 
which cars are switched or stored. 

Ladder Track.—A track connecting in series the body 
tracks of a yard. 

Lead Track.—An extended track connecting either end 
of a yard with the main line. 

Drill] Track.—A track connecting the ladder and used ex- 
clusively for movements in yard switching. 

Open Track.—A track reserved for movements through a 


yard. 

Running Track.—A track reserved for movements 
through 4 cluster. 

Crossover Track.—A track connecting two adjoining 
tracks. 

Special Tracks.—In a typical yard there will be several 
tracks devoted t¢ special purposes, varying with the local 
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conditions. These will include caboose tracks, scale 
tracks, coaling tracks, ash-pit tracks, bad-order tracks, 
repair tracks, icing tracks, feed tracks, stock tracks, trans- 
fer tracks, sand tracks, depressed tracks, etc. 


LOCATION. 


The location of a yard or cluster depends primarily on 
the necessity for a readjustment of the formation of trains 
for purposes of distribution, and should be within reason- 
able distance of the areas which yield traffic for move- 
ment over the line or to which traffic arriving from the 
line must be delivered. 

Within such limits as convenient and economical opera- 
tion make practicable, the location may be adjusted to 
suit the topography of the ground so as to obtain the 
benefit of such natural advantages as may exist having 
reference to grades and drainage, also to cost of land and 
size and shape of sites available for the purpose. 

More in detail, it may be said that the location should 
be convenient to the business terminals of the road, to the 
freight houses, team tracks and to the points of inter- 
change with other roads or divisions, and should be ar- 
ranged so that trains can enter and leave the yard without 
crossing the path of other movements. Where possible, 
advantage should be taken of natural grades to assist in 
switching. In some locations assisting grades cannot be 
had; in others grades can be had in one direction; while 


in others grades can be used to help in each direction. ° 


The assistance of grades is an advantage. 

The size of the yard should be roughly estimated and 
the points available should then be selected. The cost of 
property, grading, drainage, etc., should now be consid- 
ered, and the advantages and disadvantages of each pos- 
sible location summed up; these figures should Include cost 
of operation, interest on first cost, etc. 


RECEIVING YARD. 


In regard to the design of yards, the committee first took 
up the question of freight service at a line terminal (or 
the actual end of a railway company's line). Considering 
this matter in proper sequence, we have first the receiv- 
ing yard, which receives the freight trains coming in off 
the road. Here the road engine and caboose are cut off, 
and the work of assorting and distributing the cars is 
taken in hand by the switching engines and crews. It is 
very generally assumed that the length of tracks in the 
receiving yard should be sufficient to accommodate the 
longest train entering the yard. This does not hold good 
invariably, however, for the reason that, where very few 
trains are of the maximum length, the adoption of the 
maximum length of tracks may involve unnecessary ex- 
pense as well as an unnecessary amount of switching 
movements. Under such conditions of traffic it may be 
preferable to provide for the average train, leaving the 
maximum train to be taken care of by special means or 
special movements. The proper length of track for a re- 
ceiving yard is a relation dependent upon the unit se- 
lected, and is governed by the following factors: 

1, Length of train of loaded cars; 2, length of train of 
empty cars; 3, average length of trains; 4, No. of trains of 
average length per day; 5, No. of trains of maximum 
length per day. 

Consideration should also be given to prospective 
changes in grade and to possible increase in the length of 
trains entering the yard. 

The length of train is the controlling factor and the 
logical unit. When the trains of maximum length repre- 
sent less than 20% of the total unmber of trains entering 
the yard daily, then the average train length will be the 
most practicable basis for a receiving yard having tracks 
of equal length. The yard may, however, be constructed 
with a portion of the tracks of sufficient length for maxi- 
mum trains, and the remainder of the tracks of sufficient 
length for average trains. In this case, the tracks of each 
group should be of equal length. Whichever unit is taken 
(the maximum or the average train), the track should be of 
such length as to accommodate a train with two engines 
and a caboose. If the average train length is taken as the 
unit, then the length of track should be such that a train 
of the maximum length can be disposed of on not more 
than two tracks. 

The proper size of the receiving yard is a relation de- 
pendent upon: 1, The frequency of the arrival of trains; 
2, The rate ai which cars can be received and disposed of 
in the separating yard. The committee lays down the 
principle, however, that the receiving yard should have 
a sufficient number of tracks to hold the trains arriving 
during one hour of maximum traffic. 


SEPARATING YARD. 


This yard is the second in the series, and here the first 
breaking up of a train and the distribution of its cars is 
effected. The cars entering the yard are usually dis- 
tributed so that, according as the separations are to be by 
districts or by commodities, the cars destined to assigned 
districts, or containing the same commodities, will be 
placed together on separate tracks. The yard should be 
located in advance of the receiving yard, and in such a 
way that cars can be readily moved into it. The number 
of tracks In the separating yard should be governed by 
the number of separations to be made. The length of 
these tracks should be determined by the number of cars 
for each separation, and there should be extra room al- 
lowed for emergencies. 


CLASSIFICATION YARD. 

Here the second distribution or assorting of the cars is 
effected. When the separation in the preceding yard is by 
districts, the purpose of the classification yard is to put 
the cars of the different districts in regular order. Thus 
the cars of each district (already placed on one of the 
tracks of the separating yard) are switched in the classi- 
fication yard in the order required for delivery at destina- 
tion. When the separation is by commodities, the cars of 
each commodity (already placed on one of the tracks of 
the separating yard) are further assorted by classes or 
grades. Thus all the cars of grain, placed indiscriminately 
on a track in the separating yard, will be rearranged in 
the classification yard so that the cars of wheat, corn, 
oats, etc., are each grouped on separate tracks. The class- 
ification yard should be located in advance of the sepa- 
rating yard, and in such a way that cars may readily be 
moved into it from any of the tracks in the latter yard. 
It is usually in the form of a gridiron, and its capacity 
will be determined by the number of cars going to a dis- 
trict, with ample allowance for an excess number or for 
emergencies. As an example: With 36 cars going to a 
district, two ‘‘gridirons’”’ of six tracks each, with a ca- 
pacity of six cars to a track, will give such control of the 
entire set of cars that it can be turned end for end, or 
car for car. This type of yard may be made up of a 
series of parallel stub tracks instead of gridirons; such 
an arrangement {is sometimes termed a lancing yard. 


DEPARTURE YARD. 


In this yard the trains made up in the classification 
yard are held awaiting departure. Here the work of the 
yard engines and their crews ceases, and that of road or 
transfer engines and their crews is commenced. It should 
be located in advance of the classification yard, so that 
cars from all tracks in the latter can be readily moved 
into the departure yard. The number of tracks and the 
length of tracks in this yard are governed by the same re- 
quirements as those governing the receiving yard. 


STORAGE YARD. 


This yard is for the reception of cars which have to be 
stored or held awaiting disposition, instead of being put 
into trains and sent forward. The location of the storage 
yard is very important and depends almost entirely upon 
the character of the cars to be stored or held. Three dis- 
tinct cases may be mentioned: 

1. On some railways, it is known in advance that entire 
train loads of business arriving will have to be held. In 
such cases, the storage yard should be located with or in 
close relation to the receiving and separating yards, so as 
to permit of direct movement of trains into the storage 
yard, and then into the separating yard as required. 

2. The cars to be held may arrive mixed in with cars 
that are to go forward. In such cases, the storage yard 
should be so located in relation to the separating yard that 
the cars can be moved directly into the storage yard from 
the separating yard, and then delivered to the classifica- 
tion yard as required. 

8. The character of the freight to be held may be such 
that it can be put in district and station order at once. 
In such cases, the storage yard should be located in such 
relation to the classification and departure yards that cars 
ean readily be moved directly into the storage yard from 
the classification yard, and then delivered to the departure 
yard as required. 

There are probably other cases, but we have mentioned 
three of the principal ones to indicate the fact that the 
location of the storage yard cannot be determined arbi- 
trarily or theoretically, but must be dependent upon the 
character of the business in each case. The size of the 
storage yard should be governed almost entirely by the 
number of cars to be held, and the length of the tracks 
should be such that a switching engine can readily handle 
all the cars standing on one track. 


POINTS TO BE OBSERVED IN THE LOCATION OF 
YARD TRACKS. 


Having adopted terms and definitions for the various 
tracks required in yard work, your committee has taken 
the further step of laying down certain rules and prin- 
ciples governing the location and use of these tracks. 

Body Tracks.—These should be spaced 11 ft. 6 Ins. to 12 
ft. ce. to c., and while the minimum spacing is not to be 
recommended for general use, it is often desirable to use 
it for the purpose of utilizing the space in city yards to its 
fullest capacity. At intervals of five or six tracks an ex- 
tra width of spacing should be given, in order to allow 
space for drainage and for the piling of track material, 
etc. It is also advisable to allow a space of 15 ft. between 
the center of a main track and a yard track, so as to give 
ample space for water columns or standpipes, signal- 
posts, etc. 

Ladder Tracks.—Where there are two ladder tracks, or 
where another yard track parallels a ladder track, these 
tracks should be 15 ft. c. toc. The extra room is required 
for the safety of trainmen in throwing switches and 
moving in and out between the cars. The angle which 
the ladder track makes with the body tracks should be 
the greatest angle which the frog used will allow. No. 7 
should be the minimum number of frog for yard use. 
Frogs of higher number are often preferable and are often 
used, but it must be remembered that the easier curves of 


such frogs require longer leads and consequently 
more yard space. 

Lead Tracks.—The connection of these tracks w he 
main line should be controlled by a telegraph of 
interlocking plant, both for safety and to facilits 
movements. 

Drill Tracks.—These tracks should be so locat. 
cause a minimum interference with other movem:n 

Open Tracks.—The tracks selected as the op k 
should be one that will enable movements to be mai ' 
one end of a yard to the other with the greate 
venience. 

Running Tracks.—Tracks of this class should be 
with the greatest care. Such tracks should be p: 
for movement in each direction, to enable yard eng. 
pass freely from one portion of the cluster to anoth: 
for road and yard engines to go to and from the 
house and other points where facilities are located. 

Crossover Tracks.—These should be located at the  «; 
convenient places, and where they will interfere as 
as possible with regular movements. 

Special Tracks.—In addition to the foregoing, thers «|| 
be tracks required for special purposes, sufficient). ,- 
dicated by their names. Several of these have been 1 
merated in the list of definitions already given, andj ».;- 
ticulars as to some of them are given below. 

‘Caboose Tracks.—Cabooses arriving at a yard us ||, 
return over the same division, instead of going forw.-; 
It is, therefore, usually necessary to locate them bei» o>) 
the receiving yard and departure yard, and to arracg. 
them so that the cabooses can readily be pushed from, a 
receiving track to the caboose track, and then dropyej 
by gravity on to a train departing in the direction from 
which the caboose has arrived. There are various ways 
in which this can be accomplished, but in locating these 
tracks care should be taken that only a minimum amon: 
of switching will be required. The tracks should be =) 
arranged that cabooses feed forward, first in—first o1: 
Occasionally special tracks may have to be provided for ')). 
cabooses of fast freight trains. 

Scale Track.—This is usually located between the receiy 
ing and separating yards. This is undoubtedly the bes: 
location when automatic weighing is adopted, and no » 
verse movements should be required in taking the cars 
on and off the scales. 

Coaling, Ashpit, Sand and Engine Tracks.—The engine 
coaling facilities are usually located on the track leading 
to the engine house. Water and sand should also be tak: » 
at the same time as the coal, where it is possible to ar- 
range this. The facilities for supplying coal, water ani 
sand are sometimes provided on the outgoing enginehous» 
track, as well as on the incoming track. It will be of 
advantage to provide a run-around track, so that switch 
engines may clean fires, take coal and water and pass 
around waiting road engines. 

Bad-Order Tracks.—These are required in order to ge! 
the bad-order cars out of the way of the switching move- 
ments, and they should be so arranged as to be easy of 
access at all times. From them the cars are taken to the 
repair tracks. 

Repair Tracks.—These should be conveniently located 
connecting with bad-order tracks, when practicable. They 
should be laid in pairs, 16 ft. c. to c., with space not less 
than 24 ft .between each pair for the handling of materia! 
The length of repair tracks should not, ordinarily, exce! 
fifteen cars. 

Icing Tracks.—These should be located between the re- 
ceiving and separating yards, so that the cars to be ice! 
may be readily moved from the receiving yard to the icing 
track, and thence to the separating yard. 

Other Special Tracks.—The particular purpose for whic! 
such tracks are required should be carefully considered 
and the tracks should be so located that their use wil! in 
volve a minimum amount of switching, and the least pos 
sible interference with the regular yard movement. 

In presenting this report, your committee desires to 
state that it has considered the designing of a yard with 
reference to the movement of traffic in one direction only 
For movements in the opposite direction, a duplication of 
yard facilities will be required. 

Yards should be provided for traffic in each direction 
Most of the large yards of the country to-day are made up 
of only a receiving yard and a separating yard, the trains 
departing from the tracks of the separating yard. For 
classification, the cars are switched and then gathered up 
into a train at the leaving end of the yard. This method 
of yard work is very common, and is frequently the bes‘ 
that can be provided in most locations. It is, however, an 
expensive method of operation, with limited capacity, as 
compared with the results that can be obtained in a prop- 
erly designed yard. 


nd 


in 


CONCLUSION. 


Your committee directs attention to the terms and defi- 
nitions prepared, and submits them for adoption. It has 
endeavored in this report to lay down the general prin- 
ciples and some of the special requirements which must 
govern yard design. The principles and requirements here 
given cover the entire series of yard movements (for en- 
gines, cars and cabooses) from the entrance of a train into 
the yard to its departure therefrom. There are many other 
matters of importance in connection with yard and termi- 
nal work, which will receive the future attention of the 
committee. 4 
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Report on Graduation. 


This term in intended to embrace the preparation of the 
»pound, the excavation and placing of the material, and 
other general work incident to the formation and main- 
-enance of the railway roadbed and yards. The committee 
has made an analysis of the drawings and specifications 
.{ representative railways in all parts of the country, and 
ne fact intimated in last year’s report that great dissimi- 
arity exists in standards, even under similar general con- 
litions, is much emphasized by this analysis. 

Some roads use no general standards in regard to cross- 
sections, or have standards which exist only on paper; 
thers have plans which have been in use 30 or 40 years 
without revision to meet modern requirements of loads 
and speed. Some have standard sections, the general 
prineipies of which are the same as those used by a larger 
-ystem, but which have been slightly altered without ap- 
arent reason—and frequently to the disadvantage of the 
road making the change. Others have admirable plans, 
with ideas carefully thought out, but which leave room 
ven yet for modification or amplification, while still oth- 
rs have plans in which the cost of the work represented 
= beyond the financial resources of ordinary roads. 

in many instances a needless refinement is exhibited in 
regard to the shape of the roadbed at sub-grade, viz., a 
curve, series of curves, or a series of planes at various 
angles, shapes which are not easy to make and maintain, 
and are rarely adhered to in actual practice. Simple 
drainage planes or a uniform slope of 0.04 per ft. falling 
from each side of the center line of roadway are easy to 
make, and are found to be effective. 

The width of roadbed is generally too narrow; 20 ft. on 
embankments, and a corresponding width between ditches 
ia cuts, should be taken as minimum for single track, on 
what may be termed a first-class road, with an addition ot 
i3 to 14 ft. in case of double track. The surface ditches 
in cuts should be kept well below the intersections of 
the sub-grade planes with the planes of the slopes of the 
cut, and the shape such, as can most economically be 
maintained. Surface ditches on curved portions of the 
road should be on the same level, the inclination of the 
track being made up in the ballast. 

On preliminary and location profiles, the several descrip- 
tions, or the nomenclature indicating the classes of ma- 
terial or the kinds of ground, are frequently imperfect or 
misleading for the proper determining of the most suitable 
slopes, and the best methods of dealing with unstable 
ground upon which embankments are to be constructed. 
The engineer of location should therefore not only possess 
a thorough practical knowledge of the condition and phys- 
ical composition of every class of soil and rock met with, 
but be precise in recording it. 

To insure substantial embankments, much depends upon 
four important features: 1. Proper clearing and grub- 
bing of the ground to receive the earthwork. 2. That the 
nature of the ground is either suitable for supporting the 
fill which is to overlie it, or can be made so by drainage 
or otherwise. 3. Placing of excavated material in the 
most suitable locations with regard to greatest frictional 
resistance in masses. 4. Trimming to the slope adopted. 

In embankments of 2 ft. or less in height, the whole of 
the space occupied should be thoroughly grubbed out, and 
where they are more than 2 ft. and less than 4 ft. all trees 
and stumps should be cut at least 2 ft. below sub-grade. 

In preparing unstable ground for the embankment, it 
should be subjected to the closest examination as to its 
nature, with a view to remedy before placing material 
upon it. Preliminary drainage is frequently all that is 
necessary. If the land is swampy, with a thin crust of in- 
sufficient strength for the weight to be supported (com- 
monly called a ‘‘sink hole’’) it may be necessary to con- 
tinue filling in material until a solid foundation is ob- 
tained, in order to secure a roadbed that can be used with 
undiminished speed, but there are numerous other meth- 
ods, each depending on local conditions, 

If the swampy material be on a side hill, it should first 
be drained by means of a side ditch on the upper side 
parallel to the roadway, and the water led off to the lower 
side by means of cross drains. A case has been noted in 
which a swamp or bog of about half a mile in length is 
being crossed by a line at present under construction. 
This swamp or bog consists of a black soil somewhat like 
peat in its nature, which holds the water tenaciously. A 
ditch on either side of the embankment at a distance of 75 
ft. from the centre line was excavated down to the sand 
and gravel, a depth of 3 to 6 ft., but the water still stood be- 
tween these ditches, and the bog material was about as 
impassable as before the ditches were cut. Cross trenches 
were then cut at intervals of about 50 ft., and boxes of 3- 
in. plank, open at the bottom, were put in, with a result 
that the ground has now dried up sufficiently to enable the 
material from the adjacent cuts to be hauled on to it, and 
from present appearance, it is anticipated that the weight 
will squeeze the water out of the blocks of ground into 
which this is divided, and eventually give a dry and 
g00d roadbed. 


The material excavated from cuttings should be built up 

in the embankment evenly, and in horizontal layers bot 
exceeding 3 ft. in height, each layer being carried out to 
full width at the particular height, and any stone or 
heavy materials should as far as practicable be placed at 
the base of slopes. The best soil should be reserved for 
outer dressing, in the event of subsequent sodding or 
seeding. 
- Cases have come before the notice of the committee 
where great trouble and expense has been caused by de- 
fective banks due to sliding of the material in large 
masses. Investigation by cutting the bank revealed the 
fact that when originally constructed, borrowed materia! 
of heavy blue clay had been deposited at the base of the 
embankment with an inclined top plane, and overlaid with 
surface material from cuts, and that there was a well- 
defined line of cleavage between the two materials. The 
sliding of the embankment occurred on this plane, and 
it may reasonably be inferred that if it had been built 
up level, such sliding could not have taken place. 

Much depends upon homogeneity in the mass of the fill, 
and to this end it is advisable (especially in woodland dis- 
tricts where there is frequently a leaf mould overlying a 
substantial sub-soil) at the end of cuttings, to strip the 
surface soil, if it is light and porous, to a depth of 18 o: 
20 ius. below the grade line, and dump the portions of 
soil thus stripped into fills which would be a greater 
depth than 2 it. below grade. By this means, the sub- 
soil material in the portions of the roadbed immediately 
below grade would be continuous from excavation to em- 
bankment. Homogeneity in the mass is naturally a check 
against large moves, and at the top it is especially felt by 
giving a uniform firmness during summer, and a greate: 
freedom from heaving in winter. 

Experience shows that the slopes of cuttings, and more 
especially of embankments, when they attain their perma- 
nent form, are not the surfaces of planes, but more or 
less curved—a rounding off at the top, and a curving out 
at the foot. This being the ultimate natural result, it is 
best at the outset, when it can conveniently be done, to 
further its attainment by rounding off these angles. 

Allowance for shrinkage of embankments of 3 to 7% 
according to material should originally be made. It would 
be better to provide for this shrinkage by making the 
roadbed wider than standard, instead of adding to the 
vertical height, so that when settlement takes place, there 
will be width enough to fill out, and not unduly run down 
the slope. 

Where embankments are made on a side hill, deep fur- 
rows should where necessary be plowed in the slope, in 
order to bind the new material thorcughly to it; and in 
the case of widening for double trach. and sidings con- 
tiguous to the main line or in other simi'ar circumstances, 
it is best if the banks are over four feet bh gh, to give them 
Similar treatment. 

The fundamental principle in maintenance is to keep 
the roadbed dry, and to insure this every reasonble 
means should be employed to intercept the natural course 
of water from outside sources that would otherwise reach 
the roadbed, and then if by this means, a sufficient degree 
of dryness is not attained, sub-drainage should be em- 
ployed. 

The surface ditches at the foot of slopes in cuttings 
being for the purpose of draining the roadbed, and also 
for the purpose of protecting it by intercepting and car- 
rying off the accumulation of surface water on the slopes 
from rain, and that due to seepage, they should be of 
sufficient capacity to take off readily the water from the 
heaviest rainstorm, and of such shape as can most easily 
be cleaned from time to time. In ordinary cuttings, a 
ditch 9 ins. deep, 12 ins. wide at bottom, and slopes of 
1% to i, generally meets these requirements. A true 
grade should be preserved for the bottom of these ditches 
and the greatest possible pitch given at their outlet. 

In wet cuttings a supplementary sub-drain of 6 to 10-in. 
tile is of great advantage to the maintenance of track. A 
trench is excavated to just below frost line, in which the 
tiles are laid with ends abutting, engine cinders are placed 
over the tiles to a depth of two or three inches, and the 
remainder of the trench filled with coarse gravel or broken 
stone. 

In cuts through ground sloping transversely, a ditch 
should be made on the upper side, “to intercept the surface 
water which would otherwise flow over the slope; but the 
distance to make this ditch from the edge of the slope, as 
well as its general characteristics, must receive due con- 
sideration, for the soil may be of such a permeable na- 
ture, and become so saturated with water from this ditch, 
that injury will result to the slope. It is often better to 
have a broken stone or tile drain on the top of the cut to 
collect and carry off the water, or else pave or box the 
ditch to prevent damage from the water cutting through 
the slope. In every case, however, where the general 
ground is sloping towards the cut, the nature of the soil 
should first be thoroughly examined, local conditions noted, 
and the main source of supply stopped or diverted where 
possible. 


PROTECTION OF SLOPES. 
Protecting the face of slopes on the older and more 
important lines is receiving much attention, and where 


done has been generally beneficial, and added much to the 
appearance. Sodding is the best and simplest method, if 


it can be well started and has sufficient proper soil to sub- 
sist upon. In most cages the extra expense of sodding, 
especially at time of original construction, will be made 
up in a few seasons by the security it gives against heavy 
maintenance charges. Seds from high well drained 
ground are the best, as those from swampy localities are 
apt, if exposed to the sunny side of a cut or fill, to dry 
out rapidly and disintegrate; still the latter can be used 
to advantage on the shady side of slopes, but the former 
are more resisting from their previous condition of growth. 
Sods for transplanting are best when about five years old, 
but in laying, extreme care is needed, and they should be 
secured by slender hardwood stakes driven well down into 
the ground, where the material on which they are laid is 
inferior. 

Supplemental to the sodding, improved results can be 
obtained if for the first year a good mixture of timothy 
seed and oats be sown; it quickly forms strong roots 
and helps to hold the sod in place; afterwards, as may be 
needed, a mixture of Kentucky blue grass, white clover, 
perennial rye, red fesco, and red top in the proportion of 
S, 4, 9, 3, 8, respectively, making thirty-two Ibs. per acre. 

Before sodding is begun, the slopes should be dressed to 
a reasonably fair shape. It is practically useless, how 
ever, to attempt sodding on unstable clay slopes which 
slide so deep as to carry away both sods and pegs, or on 
poor soil or barren slopes on which it soon burns out. 
When such conditions exist, other methods have to be 
adopted. 

In warm climates, slopes of embankments composed of 
sandy material may be successfully protected by setting 
out on the embankment small tufts of Bermuda grass, 
planted about 18 ins. apart in each direction, the sod being 
collected and cut into pieces about 6 ins. square. It is 
found that such frequently makes a substantial sod of 
Bermuda in 12 months. 

Grass seed alone, even if the soil be fertile, is difficult to 
start on account of liability to washing away during rain- 
storms, but where it can conveniently and economically be 
used, it is well to do so. Manure from stock cars and 
cattle pens, as well as street sweepings which contain a 
large percentage of seed of various kinds, have been suc- 
cessfully used in producing an effectual sod in a couple of* 
seasons, 


Excellent protection on some solis, such as silt or slip- 
pery clay, and especially as a guard against washing, 
where the embankment is alongside the course of a stream 


which rises and falls considerably, is attained by planting 
willows. Such trees or shrubs are well adapted for the 
purpose, as they grow quickly and are easily propagated 
from cuttings, and their masses of fibrous roots spread 
through the soil to a great depth, and hold the bank 
tenaciously. 

There are many banks in which protection has been fur- 
thered by placing blind drains in the slopes at right 
angles to the line of track, consisting of loose rock put in 
ditches about 3 ft. wide and 4 ft. deep. Most of these 
banks had sloughed out more or less, and this sort of pro- 
tection is an added feature, frequently after long use of 
the embankments; these broken stone drains serve the 
double purpose of carrying off sub-water, and acting as 
buttresses for the support of the embankment. 

In some heavy cuttings through light sandy soil, the 
faces of the slopes have been protected from the action of 
the wind by covering them with a layer of clay from 4 to 
6 ins. thick. In this soil grass and small shrubs take 
root, and serve still further to protect the slope. In 
sandy soils, good results are also obtained by spreading 
engine cinders over the slopes of embankments and cuts, 
and very little washing away of the soil then takes place 


RETALNING WALLS. 


These are used to protect the sides of cuts and fills 
against continua] slidings, by building up and then leasen- 
ing the slope; to curtail the spread of the slope of em- 
bankments on steep side hills, and that of cuts and filis 
where streets in towns are contiguous, or where land value 
is a vital matter of expense; they are also used in certain 
cases to prevent abrasion of the embankment by water, 
either by current or waves. In fills, the walls are gen 
erally built in such location as to require the least ma 
sonry, and in cuts, the distance of face of wail should net 
be less than 7 ft. from the outside of the outside rail. 

Permanent retaining walls are principally of mansonry or 
concrete, or of both, the selection of the material being 
dependent on local conditions. They should generally 
have a batter of not less than \% to 1 (although in some 
cases, as in cities or towns, they may have to be plumb), 
and be from 2 to 8 ft. wide on top, with base 0.4 to 0.5 
the height, dependent on the condition of the ground back 
of the wall, and the quality of the masonry. Drainage 
of broken stone or coarse gravel should be properly pro 
vided at the back of the wall, if the soli to be supported 
is retentive of water; but if the ground is of clean sand or 
gravel, this special drain need not be made. Ample weep 
holes should in all cases be placed in the wall, otherwise 
there may be disastrous failures, and there should be a 
drain in front of the wall, and parallel with it, to receive 
the output of these holes. 


IMPROVEMENT OF GRADES AND ALINEMENT., 


These may be classed under two heads: 1, A complete 
change of location; and, 2, the lessening of the grades and 
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modifications of the curvature, as nearly as can be on the 
existing location. 

In either case the haulage features of each should be 
well worked out in connection with probable cost, in order 
to form an intelligent opinion as to the relation of future 
value to capital expended. This part of the problem is 
freer from variable and complex factors than is the de- 
termination of locomotive efficiency, and what is re- 
quired in that respect is a rational and adequate method 
for calculation in adopting a consistent and economical 
policy in grade revision. The present policy of many rail- 
ways is undoubtedly erratic, and wide of economy, because 
of the failure to consider all the factors that apply to a 
logical solution of the problem. 

The value of momentum in surmounting grades taken 
into consideration in calculating ‘‘virtual’’ or ‘‘equivalent’”’ 
grades must not be lost sight of, as cases of increased load 
as high as 15% have frequently been met with, when ad- 
vantage was taken of the momentum; and grades should 
also be so revised, that in overcoming the heaviest, there 
will not be an undue excess or waste of power on th» 
lighter ones, 

The maximum grade and curvature should be decided, 
and the necessary compensation calculated for the curves, 
to make the resistance on them equivalent to that on a 
straight line. For example, on lines where tests have 
been carried out on an extensive scale, it has been found 
that 0.08% for each degree of curvature for all curves up 
to and including 2°, 0.04% above that and up to 5°, and 
0.05% above 5°, and up to 10°, is good practice. For 
a high speed line, all curves 2° and above should be spiral, 
taking a speed of 50 miles per hour, but in no case should 
the superelevation of the curve be more than 8 ins. 

The tonnage in each direciion should be figured out, as 
in some cases it may be practicable to adopt a heavier 
controlling grade in one direction than the other, accord- 
ing to the character of the traffic. 

W. McNab, Grand Trunk Ry.; C. Dougherty, Illinois 
Central R. R.; R. C. Barnard, Pennsylvania Lines; H. 
Baldwin, C., C., C. & St. L. Ry. 


Ballasting. 


That ballasting is of great importance, when considered 
from an economical standpoint, can be readily shown by a 
few figures taken from the report of the Interstate Com- 
merce Commission. In 1800, $522,967,896 was paid out in 
wages to the officers and employees of the railways in the 
United States. Of this amount, $79,264,280, or a little 
more than 15%, was paid to trackmen alone. Assuming 
thar 40% of this amount was paid for lining and surfac- 
ing, you have the immense sum of nearly $32,000,000 paid 
out for labor in keeping up the line and surface. The 
total expenditures on account of maintenance of way and 
structures in 1899 amounted to $169,825,054, or about $902 
per mile of road. Of this, $32,000,000, or $168 per mile 
of road (or 19% of the total maintenance of way and struc- 
ture expenditure), was on account of line and surface. 
When we consider how much of this great outlay was 
probably due to inadequate ballast, we feel that the sub- 
ject is well worth careful and exhaustive study. 

Mr. Feldpauche, Principal Assistant Engineer, Pennsy!- 
vania R. R., in his report made to the International Rail- 
way Congress, says: 

By way of introduction, it would seem appropriate to 
assert that good ballast should consist of such materials 
as would best insure a substantial, enduring, dustiess and 
somewhat elastic foundation for the track. It should be 
substantial, so as to distribute the strain of passing loads 
upon the largest possible area over the underlying road- 
bed, thereby reducing to a minimum the depressing ten- 
dency of ties. It should be enduring, so as to lessen, as 
much as possible, its destruction from tamping and the 
expense thereby entailed for its renewal. * * * It 
should be dustless, so as not to discomfort the passengers 
or heat the frictional parts of the running equipment. 
Finally, the ballast should be somewhat elastic, so as to 
lessen the shocks and thereby reduce the wear and tear 
upon rails and trains. 

Mr. Bauchal, Assistant Permanent Way Engineer of the 
Western Railway of France, in his report to the Congress, 
defines the functions of ballast thus: 


1. It gives the track a suitable support and fills up in- 
equalities in the formation level. 

2. It distributes the pressure upon the formation level 
and reduces the pressure per unit of area. 

3. It acts as an elastic support to the track. 

4. It resists the lateral displacement of the track, both 
through its mass and through friction. 

+. It resists longitudinal displacement of the track. 

6. In case of certain formation levels, it acts as a pro- 
tection against frost. 

7. It protects the ties against excessive dryness or ex- 
cessive dampness. 


Our own chairman, in his report to the association a 
year ago, said: 

Ballast may be defined as the material above the road- 
bed, in which the ties are imbedded, and its object is to 
get a solid and uniform bearing for the ties, to distribute 
the applied load over a large surface of the roadbed 
hold the ties firmly in position, to give elasticity to the 
track and to allow the water to pass off freely, thus avoid- 
ing churning in wet weather and heaving by frost. 

You will notice that none of the foregoing descriptions 
of ballast and its functions, except that of our former 
chairman, say anything about drainage, which we believe 
to be one of its most important functions. There is one 
word used in all these definitions that we do not think to 
be well chosen. That is ‘“‘elastic.’’ Elastic means some- 


thing springy, and we certainly do not want that in our 
track. The conditions desired is that it shall not be rigid 
or unyielding, but shall be to some extent flexible or 
pliable; we believe “‘pliable’’ more nearly describes the 
condition we desire, and will use that word hereafter in- 
stead of elastic. 

Materia] for ballast must be substantial, so as to dis- 
tribute the applied load; it must be enduring, to resist as 
far as possible destruction from tamping; it must be 
pliable, to diminish the shock and consequent wear of 
track and trains and permit of easy manipulation In lining 
and surfacing; and it must, above all things, provide 
thorough drainage. 

Earth or dirt will fulfill none of the above requirements, 
and we do not think it should be designated ballast; we 
consider earth or dirt ballast to be a misnomer, and that 
track put up with it be called earth or dirt track. So 
far as our present knowledge goes, the only materials 
which will fulfill the requirements are broken stone, 
gravel, sand, burnt clay, slag, cinders, burnt shale and 
chatts. The requirements as to quality, size, etc., and the 
comparative merits of the different materials will be con- 
sidered later in the report. 

Now that we have decided what materials will make bal- 
last, it remains to determine, in a general way, how much 


— 


sion, suggested a form of instrument for t}, 


wr 
that has been put upon the market by | es 
Brightly, instrument manufacturers, of 
phia, Pa. The original instrument emp; on 
the Croton Aqueduct was fully described En- 
gineering News of July 26, 1890, but its | sien 
and construction have been modified cons) ibly, 
as will be seen by comparing the accom, . ving 
illustration with that published in our ; ious 
article. For this reason, and also becaw- is 


an unusually compact and convenient d- for 
its purpose, we describe it briefly in this 

The prominent feature of the instru; 
a wooden disk, 14 ins. diameter an: 
thick, braced at the back to prevent ! 
and from this disk the device takes its trai. 
of “Sunflower.” This disk, graduated on ¢} 
to degrees, numbered from 0 to 180, is su), 
vertically by a tubular rod, on an exten- 
tripod fitted with a quick-leveling head. A 
to the center of the disk is a revolving, metal. jyq 
wooden “indicating arm;” and on this arm 


Side View. 


Front View. 


A NEW INSTRUMENT FOR MEASURING TUNNEL CROSS-SECTIONS. 


is necessary to constitute ballasted track. Our opinion 
is that nothing less than 8 ins. of ballast under the ties, 
with the track filled in, will fulfill the requirements even 
under the best of conditions as to roadbed, climate, drain- 
age, etc., and that below this minimum track should be 
designated as partially ballasted or veneered; partially bal- 
lasted, when there is a sufficient depth under the ties but 
the track is not filled in; and veneered, when the track 
is filled in, giving the appearance of ballast, but with 
very little under the,ties. 

To summarize, the term “‘ballast’’ shall only apply to 
broken stone, gravel, sand, burnt clay, slag, cinder, burnt 
shale and chatts, and the expression ‘‘ballasted track’’ 
only to filled-in track, with not less than 8 ins. of ballast 
under the ties. 

F. T. Hatch, Vandalia Line; F. A. Molitor, Choctaw, 
Oklahoma & Gulf R. R.; J. T. Richards, Pennsylvania R. 
R.; H. U. Wallace, Illinois Central R. R.; A. Mordecai, 
Erie R. R.; Edward Shelah, Philadelphia & Reading R. R. 


THE “SUNPLOWER” TUNNEL CROSS-SECTIONER. 


As engineers well know, the testing, or cross-sec- 
tioning, of tunnel work is a tedious operation un- 
der ordinary methods and where accuracy is re- 
quired. In the construction of the Croton Aque- 
duct, Mr. Alfred Craven, M. Am. Soc. C. E., and 
now Division Engineer for the Aqueduct Commis- 


graduated tapering wooden rod either 8 or 14 ft. 
long; these rods, however, may be of any length; 
those used on the Rapid Transit Tunnel, in New 
York, are 20 ft. long. Through the disk and at- 
tached to the tubular support is a horizontal sight- 
ing tube, with cross-wires, which enables the user 
to set the center of the disk accurately upon the 
tunnel axis. 

In use, the tubular support is set exactly plum) 
by two small levels at right-angles to each other. 
the disk can then be adjusted to any height an 
secured by clamp-screws; and with its center upon 
the tunnel axis, the measuring rod placed on the 
indicating arm, measures the distance between th: 
center of the disk and the perimeter of the tunne! 
at as many points in that plane as may be desired. 

The disk with its attachments weighs 10 lbs.; 
and the tripod and its head weigh 10% Ibs., mak- 
ing 20\4 Ibs. of total weight. In the Croton Aque- 
duct tunnels, from 6 to 10 minutes were sufficien' 
for measuring a section. As the angles and dis- 
tances are conveniently plotted with a protractor, 
the area can be measured with a planimeter. This 
device is also useful for testing masonry arches, 
after the centers are struck; and for this purpose 
a vernier is placed upon the indicating arm for 
more precise measuremen¥ 
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